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Abstract
Background & Aims: Public health measures introduced to limit transmission of se-
vere acute respiratory syndrome coronavirus 2 (SARS- CoV- 2), which causes corona-
virus disease 2019 (COVID- 19), also disrupted various healthcare services in many 
regions worldwide, including British Columbia (BC), Canada. We assessed the impact 
of these measures, first introduced in BC in March 2020, on hepatitis C (HCV) testing 
and first- time HCV- positive diagnoses within the province.
Methods: De- identified HCV testing data for BC residents were obtained from the 
provincial Public Health Laboratory. Weekly changes in anti- HCV, HCV RNA and 
genotype testing episodes and first- time HCV- positive (anti- HCV/RNA/genotype) 
diagnoses from January 2018 to December 2020 were assessed and associations 
were determined using segmented regression models examining rates before vs after 
calendar week 12 of 2020, when measures were introduced.
Results: Average weekly HCV testing and first- time HCV- positive diagnosis rates fell 
immediately following the imposition of public health measures by 62.3 per 100 000 
population and 2.9 episodes per 1 000 000 population, respectively (P < .0001 for 
both), and recovered in subsequent weeks to near pre- March 2020 levels. Average 
weekly anti- HCV positivity rates decreased steadily pre- restrictions and this trend 
remained unchanged afterwards.
Conclusions: Reductions in HCV testing and first- time HCV- positive diagnosis rates, 
key drivers of progression along the HCV care cascade, occurred following the in-
troduction of COVID- 19- related public health measures. Further assessment will be 
required to better understand the full impact of these service disruptions on the HCV 
care cascade and to inform strategies for the re- engagement of people who may have 
been lost to care because of these measures.
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1  | INTRODUC TION

In 2016, Canada, alongside other World Health Organization (WHO) 
member states, committed to eliminating the threat that hepatitis C 
virus (HCV) poses to public health worldwide by 2030.1 To that end, 
many member states have implemented policies and strategies to 
facilitate the attainment of the disease prevention, healthcare pro-
vision and mortality- reduction goals that form the cornerstone of 
this Global Health Sector Strategy.1- 3 Canada is making significant 
progress towards meeting the 2030 elimination goals, with the pro-
vision of unrestricted access to publicly funded therapy for persons 
with chronic HCV infection and elimination efforts being initiated in 
many provinces, including British Columbia (BC).4- 6 Testing is a key 
component of these efforts, and is the first step to engaging people 
living with HCV into care.7

The emergence of severe acute respiratory syndrome coronavi-
rus 2 (SARS- CoV- 2) in late 2019 led to the implementation of broad 
public health measures to prevent and control transmission of the 
virus and to preserve healthcare resources in many countries across 
the world, including Canada.8- 14 These measures have had sweeping 
economic, social and health- related impacts globally, including the 
disruption of healthcare services such as HCV prevention, testing, 
treatment and post- treatment follow- up.15- 17 Many people living 
with HCV have concurrent substance use or mental health chal-
lenges, are socially and materially deprived, and living with HIV or 
HBV co- infection.18,19 Thus, given the syndemic nature of HCV infec-
tion, these service disruptions may have more profound short-  and 
long- term impacts within these groups. Furthermore, HCV- related 
service disruptions could delay Canada's progression towards the 
achievement of the viral hepatitis elimination goals. In this study, the 
impact of COVID- 19- related public health measures on HCV testing 
and first- time HCV- positive diagnoses within the province were as-
sessed using population- level laboratory data as a first step towards 
understanding the potential impact of healthcare service disruptions 
on BC’s HCV elimination efforts.

2  | METHODS

2.1 | COVID- 19- related public health measures in 
BC

On March 17, 2020, the Provincial Health Officer of BC declared a 
public health emergency because of COVID- 19, ushering in Phase 
1 of COVID- 19- related public health measures within the prov-
ince (beginning on March 18, 2020).20,21 Measures imposed during 
Phase 1 included the banning of mass gatherings (>50 people) and 
the closing of establishments that provided non- essential services 
(e.g. hair salons and barbershops, dine- in services at restaurants and 

bars), as well as recommendations for physical distancing.22 Phase 
2 of restrictions, beginning on May 19, 2020 and Phase 3, start-
ing on June 24, 2020, saw the gradual loosening of restrictions on 
travel and gatherings and the reopening of non- essential services.22 
Following a resurgence of COVID- 19 cases during Phase 3, all social 
gatherings and events province- wide were again suspended begin-
ning on November 19, 2020 and remained in place by the end of 
2020. Between Phase 1 and Phase 2 (April 1- May 28, 2020), the pro-
vincial Public Health Laboratory (PHL) located at the BC Centre for 
Disease Control (BCCDC) temporarily suspended non- urgent HCV 
testing to reallocate resources for COVID- 19 testing.23,24 However, 
urgent HCV testing for hospitalized patients, emergency situations 
and organ donations continued during this period. This study exam-
ines changes in HCV testing patterns following the introduction of 
restrictions during Phase 1 in March 2020.

2.2 | Variable definitions

De- identified HCV testing data for BC residents were obtained 
from the BCCDC PHL, which performs over 95% of anti- HCV (an-
tibody) screening and all confirmatory anti- HCV, RNA testing and 
genotyping in BC. All positive, negative and indeterminate test-
ing episodes were included in this analysis, and testing outcomes 
were comprised of the integrated test results for each test type 
(i.e. Anti- HCV: screening/confirmatory; RNA: qualitative/quanti-
tative; genotyping). Testing episodes will be referred to as tests 
moving forward. First- time HCV- positive rate was defined as the 
first positive test result for HCV (anti- HCV, RNA, and/or geno-
type) on record at the BCCDC PHL per 1 000 000 BC population. 
First- time anti- HCV- positivity rate was defined as the proportion 
of anti- HCV tests that resulted in first- time anti- HCV- positive di-
agnoses. The proportion of HCV RNA tests that were negative for 
the first time following a HCV- positive test was used to assess 

K E Y W O R D S
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Lay Summary

Testing is essential for progression along the HCV care cas-
cade. In this interrupted time series analysis, the introduc-
tion of COVID- 19- related public health measures in March 
2020 was associated with large declines in mean weekly 
HCV testing and diagnosis rates in British Columbia. 
Persons living with HCV who may have been lost to care 
after public health measures were introduced should be re- 
engaged with care for improved health outcomes and to 
support progression towards HCV elimination within the 
province.
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progression towards clearing the virus, although differentiating 
between spontaneous clearance and sustained virologic response 
(SVR) was not possible, as we did not have access to treatment 
data. The study period began on January 1, 2018 and ended on 
December 31, 2020.

2.3 | Statistical analysis

An interrupted time series study design was adopted, using seg-
mented regression models25- 27 to assess the weekly impact of BC’s 
COVID- 19- related public health measures on HCV testing within the 
province, initiated during calendar week 12 of 2020 (week of March 
18, 2020). Thus, the pre- restriction period was defined as calendar 
week 1 of 2018 to calendar week 11 of 2020, and the post- restriction 
was defined as calendar week 13 of 2020 to calendar week 53 of 
2020. Outcomes assessed on a weekly basis were: (i) HCV testing 
(anti- HCV, RNA and genotyping), (ii) first- time HCV- positive test re-
sult, and (iii) first- time RNA- negative test result following a first- time 
HCV- positive test result. Autoregressive error segmented regression 

models were run to assess the change in mean weekly rates (slope) 
pre- restrictions, the change in level of mean weekly rates when 
restrictions were introduced, and the difference between slopes 
(change in mean weekly rates) post-  vs pre- restrictions, correcting 
for autocorrelation.

The general model Equations25,26,28 was:

where Yt represents the outcome of interest (HCV testing, first- time 
HCV- positive and first- time HCV RNA- negative rates) in week t; β0, 
the baseline mean weekly outcome rate before public health measures 
(restrictions) were imposed; β1, the mean weekly change in outcome 
rates (slope) before public health measures were imposed; T, the time 
in calendar weeks beginning on January 1, 2018; β2, the change in the 
level of outcome rates once public health measures were imposed; X, 
the dummy variable marking the period before (0) and after (1) restric-
tions were imposed; β3, the difference in slope (change in mean weekly 
outcome rates) after vs before public health measures were imposed; 
Z, the time (in weeks) post- restrictions; and ν, random variability in 

Yt = β0 + β1Tt + β2Xt + β3Zt + νt,

F I G U R E  1   Weekly HCV testing rates in British Columbia, 2018- 2020. A, All HCV tests, (B) anti- HCV tests, (C) HCV RNA tests, (D) HCV 
genotyping tests. HCV, hepatitis C virus; RNA, ribonucleic acid



2852  |     BINKA et Al

the model adjusted for autocorrelation with the maximum likelihood 
method. Estimated rate and estimated mean rate (trend) values from 
the autocorrelation- corrected regression models were also generated 
with the AUTOREG procedure in SAS 9.4.28,29 The final parameters 
for inclusion in the model were determined using a stepwise backward 
elimination approach.25,28 Autocorrelation was assessed with Durbin- 
Watson tests. Data preparation and visualization was done using R 
statistical software (version 3.5.2),30 while data analysis was done with 
SAS (version 9.4).29 Statistical significance was defined as P < .05.

This study was performed under the public health surveillance 
mandate of the BCCDC and did not require approval from an ethical 
review board.

3  | RESULTS

3.1 | HCV testing rates

Estimated mean weekly HCV testing rates in BC were stable at ap-
proximately 124.6 HCV tests per 100 000 population per week prior 
to the introduction of COVID- 19- related public health measures in 
calendar week 12 of 2020 (Figure 1A, Table 1). This overall trend 
was driven by anti- HCV testing, which formed the majority of HCV 
testing done in BC (Figure 1B). In contrast, estimated mean weekly 
HCV RNA testing and HCV genotyping rates fell steadily within this 
timeframe (P < .0001 for both) (Figure 1C,D, Table 1). The overall 
mean weekly HCV testing rate fell by 62.3 tests per 100 000 popu-
lation (P < .0001) following the announcement of the public health 
measures during calendar week 12 of 2020. This statistically sig-
nificant decline in mean weekly testing rates with the introduction 
of COVID- 19- related public health measures was observed across 
the test types (Anti- HCV: −58.7 tests per 100 000 population, 
P < .0001; RNA: −4.1 tests per 100 000 population, P < .0001; gen-
otyping: −2.7 tests per 1 000 000 population, P < .01) (Figure 1B- 
D, Table 1). Estimated mean weekly anti- HCV, RNA and genotyping 
testing rates increased in the weeks afterwards, recovering to near 
pre- restriction levels by the end of the year. The difference in rate of 
change in mean weekly anti- HCV, RNA and genotype testing rates 
(slope of the curve) post-  vs pre- restrictions was also statistically sig-
nificant (anti- HCV: +1.35 tests per 100 000 population, P < .0001; 
RNA: +0.11 tests per 100 000 population, P < .001; genotyping: 
+0.09 tests per 1 000 000 population, P < .05) (Table 1). There was 
a slight shift in HCV testing towards females and persons aged 30 
to 39 years once COVID- 19- related restrictions were implemented 
(Supplementary Table S1).

3.2 | First- time HCV- positive diagnosis rates

Estimated mean weekly first- time HCV- positive diagnosis rates 
per 1 000 000 population followed a pattern matching that of 
average weekly HCV RNA and genotype testing rates: declin-
ing gradually prior to 2020, falling rapidly after COVID- 19 related TA
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public health measures were put in place and then recovering to 
near pre- restriction levels by the end of the year (Figure 2A). The 
majority of first- time HCV- positive diagnoses within the BCCDC 
PHL system were made with anti- HCV tests. As anti- HCV test-
ing rates were changing alongside first- time HCV- positive diagno-
ses, we also assessed the trend in proportion of weekly first- time 
anti- HCV- positive diagnoses per weekly anti- HCV tests (first- time 
anti- HCV positivity rate). Estimated mean weekly first- time anti- 
HCV- positivity rates declined steadily between calendar week 1 of 
2018 and calendar week 11 of 2020 (P < .0001) and fell by 2.7 first- 
time anti- HCV- positive tests per 10 000 anti- HCV tests in calendar 
week 12 of 2020 (P = .53) (Figure 2B, Table 2). The difference in rate 
of change in mean weekly first- time anti- HCV positivity rates (slope 
of the curve) post-  vs pre- restrictions was not statistically significant 
(P = .78). No major changes were observed in the characteristics of 
individuals testing HCV- positive for the first time postrestrictions 
(Supplementary Table S2).

3.3 | First- time HCV RNA- negative testing rates 
following first- time HCV- positive diagnoses

To estimate trends in progression towards clearing the virus, either 
spontaneously or following treatment, we assessed the proportion 
of mean weekly first- time HCV RNA- negative tests following a first- 
time HCV- positive diagnosis as a percentage of mean weekly HCV 
RNA tests. Prior to calendar week 12 of 2020, there was a gradual 
but statistically non- significant increase in the mean weekly per-
centage of first- time HCV RNA- negative tests following a first- time 
HCV- positive diagnosis (P = .12) (Figure 3, Table 2). These average 
weekly testing rates dropped slightly as public health measures 
came into effect in calendar week 12 of 2020 (P = .68) and contin-
ued to decline steadily until the end of 2020. Despite the reversal 
in trend following week 12 of 2020, the difference in the rate of 

change in mean weekly percentage of first- time HCV RNA- negative 
tests (slope of the curve) post-  vs pre- restrictions was not statisti-
cally significant (P = .21) (Figure 3, Table 2).

4  | DISCUSSION

In this study, we describe the impact of public health measures to 
control COVID- 19 on HCV testing and first- time HCV- positive di-
agnoses in BC. First- time RNA- negative testing following the first 
HCV- positive test was assessed as a percentage of all RNA testing 
episodes as a measure of progression towards clearing the virus. 
Before COVID- 19- related public health measures came into effect, 
mean weekly anti- HCV testing rates remained relatively stable, con-
trasting with mean weekly HCV RNA and genotype testing rates 
which declined steadily. Mean weekly HCV testing rates dropped 
rapidly across the test types with the implementation of COVID- 19- 
related measures, recovering at varying rates to near pre- restriction 
levels by the end of the year. Mean weekly first- time HCV- positive 
diagnosis rates followed an identical pattern, although the fall in HCV 
positivity rates observed with the imposition of COVID- 19- related 
public health measures was not statistically significant. In contrast, 
the mean weekly percentage of first- time HCV RNA- negative tests, 
which were increasing steadily prior to the introduction of public 
health measures in calendar week 12 of 2020, fell slightly soon af-
terwards and then maintained a gradual downward trajectory until 
the end of the year.

Our findings support those of others showing large reductions in 
HCV testing as a result of measures put in place to control the spread 
of SARS- CoV- 2 worldwide.15- 17 In a survey conducted by the World 
Hepatitis Alliance (WHA), which included 132 respondents repre-
senting hepatitis service providers and civil society organizations 
from 32 countries across the globe, 64% of respondents reported 
disrupted access to viral hepatitis testing among HCV- positive 

F I G U R E  2   Weekly first- time HCV- positive rates in British Columbia, 2018- 2020. A, First- time HCV- positive testing rates per 1 000 000 
population. This includes first- time HCV- positive diagnoses by anti- HCV, RNA and genotype testing. The majority of first- time HCV- positive 
diagnoses in BC public health laboratory system are made through anti- HCV testing. B, Anti- HCV positivity rates. This represents the 
proportion of anti- HCV tests that involved a first- time anti- HCV- positive diagnosis. HCV, hepatitis C virus
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patients during the COVID- 19 pandemic.16 Major reasons for lack of 
testing included avoidance because of COVID- 19- related concerns 
(65%) and testing facility closures (46%). At the Boston Medical 
Center in the United States, resource reallocation to accommodate 
COVID- 19 patients resulted in a 50% decrease in HCV testing and a 
42% decline in new HCV diagnoses, with larger reductions in testing 
(−72%) and new diagnoses (−63%) at ambulatory clinics within the 
Center.15 In our population- based study, similar decreases in HCV 
testing and new HCV diagnosis rates were observed immediately 
following the introduction of province- wide public health measures 
in BC, although these rates rebounded to near pre- restriction levels 
by December 2020. This recovery in testing rates is encouraging as 
it suggests some re- engagement with healthcare despite ongoing 
restrictions on non- essential travel and gatherings. Interestingly, 
although first- time HCV- positive diagnoses declined substantially 
soon after the imposition of public health measures in BC, minimal 
impact on the trajectory of anti- HCV positivity rates was observed, 
suggesting that a similar pool of at- risk individuals was being tested 
post-  vs pre- restrictions despite the decreased rate of anti- HCV 
testing beginning in calendar week 12 of 2020. Further evaluation is 
needed to understand the impact of these reductions in HCV testing 
and diagnosis rates on health outcomes within the province.

Some reports of restricted access to HCV therapies and delayed 
HCV treatment initiation because of COVID- 19 were made by WHA 
survey respondents from various parts of the world.16 Although 
treatment initiation was not assessed in this study, the observed 
decline in HCV RNA testing could have affected HCV treatment ini-
tiation and SVR assessment within the province, as was observed in 
England.17 Thus, some HCV- positive individuals may have delayed 
treatment initiation and could potentially be lost to follow- up during 
this interval. Furthermore, the reversal of the steadily increasing 
trend in first- time RNA- negative testing episodes after the first re-
corded HCV- positive test, an indicator of spontaneous clearance or 
progression towards SVR, in the weeks following the introduction 
of COVID- 19- related public health measures despite the rebound in 
RNA testing during this time period may be indicative of reduced 
detection of spontaneous clearance, decreased on- treatment RNA 
testing and/or decreased SVR rates, amongst others. Additional 
assessment is required to better characterize the affected steps of 
the care cascade and to better understand the implications for BC’s 
HCV elimination efforts.

The use of population- level testing data was a major strength 
of this study. This study was also strengthened by the adjustment 
for autocorrelation in this interrupted time series study design. 
However, we were unable to assess HCV treatment initiation, spon-
taneous clearance and SVR, which are key steps of the cascade of 
care. As treatment data becomes available, we will be able to con-
struct an HCV care cascade to better describe the scope of the im-
pact of COVID- 19- related public health measures on HCV care in 
BC. Data on key at- risk groups, including people who inject drugs, 
people experiencing homelessness, and people with low socioeco-
nomic status, were not available for this study. Future studies should 
address the impact of service disruptions within these groups, TA
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given the broader implications for risk of HCV infection and/or 
re- infection.

Our findings depict major disruptions in HCV testing, new diag-
noses and first- time RNA- negative testing episodes within BC after 
restrictions on travel and mass gatherings came into effect in March, 
2020. The increased perception of personal risk of SARS- CoV- 2 in-
fection among British Columbians, both among care providers and 
care seekers, coupled with the systemic barriers generated by these 
restrictions were among the likely causes of these large declines in 
testing and diagnosis.15,16 Without intervention, these service dis-
ruptions may serve to broaden existing gaps in the HCV care cas-
cade in the province and potentially increase the rates of advanced 
liver disease and liver- related mortality among persons living with 
HCV within the province in the long- term.31 It is therefore imper-
ative that persons lost to follow- up following restrictions, many of 
whom are likely marginalized individuals, are re- engaged into the 
healthcare system without compromising their safety. Leveraging 
the rapid advancements in healthcare that emerged as a result of the 
COVID- 19 pandemic, such as the widespread adoption and accep-
tance of telemedicine, could provide avenues for linkage with HCV 
care as efforts to control the spread of SARS- CoV- 2 continue.32 
Failure to do so may undermine the progress that has been made 
in HCV care provincially and prevent BC from eliminating HCV as a 
threat to public health by 2030.
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