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Introduction: The COVID-19 pandemic has disrupted healthcare services, reducing opportunities to
conduct routine hepatitis C virus antibody screening, clinical care, and treatment. Therefore, people
living with undiagnosed hepatitis C virus during the pandemic may later become identiﬁed at more
advanced stages of the disease, leading to higher morbidity and mortality rates. Further, unidentiﬁed
hepatitis C virus−infected individuals may continue to unknowingly transmit the virus to others.

Methods: To assess the impact of the COVID-19 pandemic, data were evaluated from a large
national reference clinical laboratory and from national estimates of dispensed prescriptions for
hepatitis C virus treatment. Investigators estimated the average number of hepatitis C virus antibody tests, hepatitis C virus antibody−positive test results, and hepatitis C virus RNA−positive test
results by month in January−July for 2018 and 2019, compared with the same months in 2020. To
assess the impact of hepatitis C virus treatment, dispensed hepatitis C virus direct-acting antiretroviral medications were examined for the same time periods. Statistical analyses of trends were performed using negative binomial models.
Results: Compared with the 2018 and 2019 months, hepatitis C virus antibody testing volume
decreased 59% during April 2020 and rebounded to a 6% reduction in July 2020. The number of
hepatitis C virus RNA−positive results fell by 62% in March 2020 and remained 39% below the
baseline by July 2020. For hepatitis C virus treatment, prescriptions decreased 43% in May, 37% in
June, and 38% in July relative to the corresponding months in 2018 and 2019.

Conclusions: During the COVID-19 pandemic, continued public health messaging, interventions
and outreach programs to restore hepatitis C virus testing and treatment to prepandemic levels,
and maintenance of public health efforts to eliminate hepatitis C infections remain important.
Am J Prev Med 2021;61(3):369−376. © 2021 American Journal of Preventive Medicine. Published by Elsevier
Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

H

epatitis C virus (HCV) infection is the most
commonly reported bloodborne infection in
the U.S. and is a leading cause of liver-related
morbidity and mortality.1,2 An estimated 2.4 million
adults are living with HCV infection in the U.S., and
hepatitis C was reported as the underlying or
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contributing cause for 15,713 deaths in 2018.1 Approximately 70% of adults with acute HCV develop chronic
HCV infection, and if untreated, 1 in 4 of these individuals will die prematurely from HCV-associated complications, such as liver failure and hepatocellular
carcinoma.2 During 2015−2018, only 61% (95% CI=46,
74) of people diagnosed with hepatitis C reported having
ever been told they were infected, suggesting a gap in
care.3
Healthcare screenings are essential for early identiﬁcation of disease before severe morbidity or mortality occur.
Hepatitis C testing is the ﬁrst step in linking people with
HCV infection to care and curative treatment. In 2012, the
Centers for Disease Control and Prevention (CDC) recommended a 1-time HCV antibody test for all individuals
born during 1945−1965 (baby boomers).4 In 2013, the
U.S. Preventive Services Task Force followed with recommendations for hepatitis C testing of those at high risk for
infection, such as injection drug users, and a 1-time test
for all adults born during 1945−1965.5 More recently, in
response to increasing rates of acute HCV among young
adults, including reproductive-aged people, the U.S. Preventive Services Task Force recommends screening for
HCV infection in adults (including pregnant women)
aged 18−79 years,6 and CDC recommends hepatitis C
testing at least once per lifetime, in settings with a prevalence of HCV infection ≥0.1%, for all adults aged ≥18 years
and for all pregnant women during each pregnancy.7
Fortunately, an effective and curative treatment is available.8 Direct-acting antiretroviral (DAA) therapies, ﬁrst
introduced in 2013, have improved hepatitis C treatment
success and reduced adverse drug events relative to interferon therapies.9,10 Improvements have also been observed
in the cascade of care among patients when restrictions to
effective pharmaceuticals based on risk behavioral proﬁles
have been removed. As a result, WHO established ambitious targets for hepatitis C elimination by 2030.11
During 2020, the coronavirus disease 2019 (COVID19) pandemic has impacted the practice of medicine.12,13
CDC released guidance on delaying nonessential procedures and postponing routine clinical visits as part of
initial mitigation strategies for the COVID-19 pandemic.14 As part of this guidance, patients have been
advised to utilize telemedicine, patient portals, phone,
and e-mail for communication with their healthcare
provider and to limit in-person visits.15
Deferral of healthcare services during the pandemic
may lead to delays in diagnosis and treatment, leaving
people living with hepatitis C unaware of their disease
status and vulnerable to progression to advanced liver
disease, including cirrhosis and hepatocellular carcinoma, as well as potential spread of the virus.16 Changes
are examined in provided healthcare services during the

COVID-19 pandemic relative to prior years with a focus
on HCV antibody testing and positivity, HCV RNA positivity, and hepatitis C drug treatment prescriptions.

METHODS
Study Sample
Clinical laboratory results were extracted from the database of
Quest Diagnostics, a large clinical laboratory test provider
throughout the U.S. Deidentiﬁed person-level data from HCV
antibody immunoassay testing and RNA diagnostic tests ordered
January 1, 2018−August 8, 2020, were included. Patient age and
sex were included in the analysis, when available. Data extracted
from Quest Diagnostics were determined not to be individually
identiﬁable.
All specimens with positive antibody test results reﬂex to HCV
RNA quantitative testing, used to diagnose current infection.
HCV qualitative immunoglobulin G antibody testing was performed using the U.S. Food and Drug Administration−cleared,
automated VITROS ECi Immunodiagnostic System (Ortho Clinical Diagnostics). The Food and Drug Administration−cleared
HCV RNA test methods included the COBAS AmpliPrep/COBAS
TaqMan HCV v2.0 (Quantitative) method and COBAS HCV
Quantitative nucleic acid test for use on the COBAS 6800/6880
systems (both from Roche Diagnostics).

Measures
For each year from 2018 to 2020, the total number of HCV antibody tests, HCV antibody−positive test results, and HCV RNA
−positive test results were calculated by month from January
through July. All specimens that produced an HCV antibody
−positive test result were reﬂexed to RNA testing. The average
number of HCV antibody tests, HCV antibody−positive test
results, and HCV RNA tests and positive results was calculated by
month from January through July for 2018 and 2019 to compare
with the same time during 2020. Percentage change was calculated
by month between the 2018 and 2019 monthly average and the
corresponding month in 2020. For the HCV antibody tests, comparison was provided by week for the same period, January−July,
to provide temporal granularity. Repeat laboratory testing within
a calendar month was highly unlikely, and such duplicate events
were not excluded. This activity was determined by CDC to be
research, as deﬁned in 46.102(l), but did not involve human subjects, as deﬁned in 46.102(e)(1)(ii).
To evaluate the impact of the pandemic on hepatitis C treatment prescriptions, hepatitis C DAA medications (Appendix 1,
available online) dispensed from January 2018 to July 2020 were
examined. New and reﬁlled pharmacy transactions from the
IQVIA National Prescription Audit Extended Insights database
include outpatient medications dispensed through retail pharmacies, mail-order prescriptions, and the vast majority of prescriptions dispensed in pharmacies serving long-term care facilities.
The IQVIA pharmacy transaction data were estimated to cover
92% of all outpatient retail prescription ﬁlls and 78% of all mailorder prescription ﬁlls in all 50 U.S. states and the District of
Columbia and were weighted to be nationally representative of all
dispensed prescriptions in these channels. The total volume of dispensed prescriptions included new and reﬁlled prescriptions.
www.ajpmonline.org
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For each year from 2018 to 2020, the total number of dispensed
prescriptions was calculated by month, January−July. The average
number of dispensed prescriptions was also estimated by month,
January−July, for 2018 and 2019 to compare with the same time
in 2020. Percentage change was calculated by month, January
−July, between the 2018 and 2019 monthly average and the corresponding month in 2020. Multiple prescriptions within a calendar
month were not excluded because these would be unlikely events.

Statistical Analysis
Trends in all outcomes were tested for deviations in counts that
occurred during the pandemic period. For the weekly HCV antibody test counts, negative binomial models were used and
included terms for year, week, and pandemic period. For the
monthly outcomes, negative binomial models were used that
included terms for year, month, and pandemic period. All statistical analyses were performed using SAS, version 9.4.

RESULTS
The analysis included 12,309,475 HCV antibody test
results and 326,603 HCV RNA test results. Limiting
HCV antibody testing to March−July for 2018−2020,
the study included 5,587,943 results (Table 1). Majority
of the antibody testing occurred among those aged 20
−84 years: 95.6% for 2018, 95.4% for 2019, and 95.5%
for 2020. HCV antibody testing shifted from 2018 and
2019 to 2020 toward a higher percentage of patients
aged 20−39 years (39.2% in 2018 and 2019 to 43.1% in
2020) and toward a corresponding lower percentage of
patients aged 40−84 years (56.4% in 2018 and 2019 to
52.4% in 2020). There was a shift toward a higher percentage of female patients (56.5% in 2018 and 2019 to
58.4% in 2020).

371

Figure 1 shows the weekly HCV antibody test volume.
Related to the COVID-19 pandemic, test volume began
decreasing in mid-March 2020. At the lowest levels of
testing in 2020, the weekly test volume declined by
65.6% in the second week of April relative to the corresponding week in 2018 and 2019. In July, the relative
decline (range=5.6%−11.8%) was substantially smaller
than observed during the earlier months, March−June.
The decrease in HCV antibody testing during the pandemic period was statistically signiﬁcant (b= 0.440;
95% CI= 0.580, 0.310; p<0.001). In addition, the
number of HCV RNA−positive tests declined approximately 62.3% in April 2020 and remained relatively low
through July, compared with 2018 and 2019. HCV RNA
−positive tests were already approximately 14% lower in
January and February 2020 (prepandemic) than in the
same months in the 2 prior years (Table 2). The decrease
in HCV antibody−positive results during the pandemic
period was statistically signiﬁcant (b= 0.410; 95% CI=
0.580, 0.240; p<0.001). This decline, when combined
with the observed HCV antibody−positive result volume
reduction in subsequent months relative to the 2 prior
years, yielded a similar pattern of HCV RNA−positive
volume decline as the HCV antibody−positive decrease
for March−July 2020, relative to 2018 and 2019. Speciﬁcally, the decline in HCV RNA−positive tests declined
approximately 40% in June and July, relative to 2018
and 2019, which reﬂects the combination of the 27%
decrease for HCV antibody−positive tests in June and
July 2020, relative to 2018 and 2019, and the underlying
approximately 14% reduction observed prepandemic in
January and February 2020, relative to the same time
periods in 2018 and 2019. The decrease in HCV RNA

Table 1. Demographics of Persons Who Received HCV Antibody Testing and HCV Treatment Prescriptions
HCV antibody testing by year, age, sex

Variables

2018
(March‒July),
n (%)

Age, years
Unknown
1,493 (0.1)
0‒19
78,639 (3.8)
20‒39
789,686 (37.8)
40‒59
693,239 (33.2)
60‒84
514,717 (24.6)
≥85
10,742 (0.5)
Sex
Female
1,180,244 (56.5)
Male
902,867 (43.2)
Unknown
5,405 (0.3)
Total
2,088,516 (100.0)
HCV, Hepatitis C virus.
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HCV treatment prescriptions by year, age, sex

2019
(March‒July),
n (%)

2020
(March‒July),
n (%)

2018
(January‒July),
n (%)

2019
(January‒July),
n (%)

2020
(January‒July),
n (%)

1,253 (0.1)
82,813 (4.0)
831,065 (40.6)
659,700 (32.2)
463,625 (22.6)
10,096 (0.5)

737 (0.1)
56,797 (3.9)
625,175 (43.1)
452,357 (31.2)
308,215 (21.2)
7,594 (0.5)

—
470 (0.3)
26,240 (14.1)
75,091 (40.4)
83,392 (44.9)
518 (0.3)

—
482 (0.3)
31,963 (19.0)
65,798 (39.0)
69,730 (41.4)
542 (0.3)

—
605 (0.5)
31,968 (24.1)
50,729 (38.2)
49,126 (37.0)
292 (0.2)

70,828 (38.2)
114,467 (61.8)
—
185,295 (100.0)

64,836 (38.5)
103,390 (61.5)
—
168,226 (100.0)

51,200 (38.6)
81,460 (61.4)
—
132,660 (100.0)

1,156,144 (56.4)
847,386 (58.4)
886,914 (43.3)
599,938 (41.4)
5,494 (0.3)
3,551 (0.2)
2,048,552 (100.0) 1,450,875 (100.0)

372

Kaufman et al / Am J Prev Med 2021;61(3):369−376

Figure 1. HCV antibody test volume, 2018 through 2020, by MMWR week.
Note: Sporadic dips reﬂect national holiday weeks. The MMWR week is the week of the epidemiologic year for which the NNDSS disease report is
assigned by the reporting local or state health department for the purposes of MMWR disease incidence reporting and publishing. Values for
MMWR week range from 1 to 53, although most years consist of 52 weeks.
HCV, Hepatitis C virus; MMWR, Morbidity and Mortality Weekly Report; NNDSS, National Notiﬁable Diseases Surveillance System.

−positive results during the pandemic period was statistically signiﬁcant (b= 0.450; 95% CI= 0.600, 0.290;
p<0.001).
Among all DAA prescriptions during January−July,
the percentage dispensed to patients aged 60−84 years
decreased by year: 44.9% in 2018, 41.4% in 2019, and
37.0% in 2020. By contrast, of all dispensed DAA treatment prescriptions, those for patients aged 20−39 years
increased: 14.1% for 2018, 19.0% for 2019, and 24.1%
for 2020 (Table 1). In each of the 3 years, a greater proportion (61.4%−61.8%) of DAA prescriptions was consistently dispensed to male than to female patients.
The volume of treatment prescriptions dispensed January−July decreased by 9.3% from 2018 (185,770) to
2019 (168,570) (Table 2). In 2019, the volume of dispensed DAAs was less than in 2018, but the monthly
dispensing trends were similar. February of each year
was a low point (25,138 in 2018; 22,266 in 2019) and
May was a high point (28,366 in 2018; 26,008 in 2019).
The decrease in prescriptions during the pandemic
period was statistically signiﬁcant (b= 0.280; 95% CI=
0.410, 0.015; p<0.001).
During January−March 2020, the trends of dispensed
DAAs were similar to 2018 and 2019, although the volume in 2020 was 11.0% less than the average in the previous 2 years (66,315 vs 74,518). The volume of
dispensed DAAs decreased 22.7% in April 2020 compared with the April average in 2018 and 2019
(20,568 vs 26,601) and continued to decrease by 39.6%
in May−July 2020 compared with the average for the
same months in 2018 and 2019 (45,935 vs 76,052).
When volumes of dispensed DAAs were compared with
HCV RNA tests, the declines in both tests and

prescriptions were similar over the prepandemic months
of January and February 2020 and the pandemic months
of May−July (Figure 2). However, HCV RNA testing
declined substantially more in March and April, with
the biggest decline in HCV RNA−positive tests in April
and the biggest decline for dispensed DAAs a month
later in May.

DISCUSSION
Reduction in hepatitis C testing and treatment during
the COVID-19 pandemic has the potential to increase
HCV-associated morbidity and mortality. Much of the
focus of hepatitis C testing efforts has been in emergency
department and primary care settings.16 During the early
months of the COVID-19 pandemic, most nonurgent
health care was suspended or delayed, and emergency
department visits decreased.17 Although rates of outpatient visits started to decline in mid-March and began to
increase again in May 2020, they remained substantially
below prepandemic numbers from 2018 and 2019.14,18
The level of HCV antibody testing substantially declined
and nearly returned to prepandemic levels by late July.
In contrast, HCV antibody−positive results, HCV RNA
−positive results, and prescriptions dispensed did not
return to prepandemic levels and continued to be low
relative to 2018 and 2019 measures. This sharper decline
in HCV antibody−positive and RNA-positive results
than those observed through HCV antibody testing in
June and July suggests that many patients who returned
for testing in June and July might have been lower-risk
individuals, implying a potential signiﬁcant gap in
higher-risk patients.
www.ajpmonline.org
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Table 2. HCV Laboratory Testing and HCV Treatment Prescriptions, January‒July, 2018‒2020
Months
Antibody testing
January
February
March
April
May
June
July
Antibody positives
January
February
March
April
May
June
July
RNA positives
January
February
March
April
May
June
July
Prescriptions
January
February
March
April
May
June
July

2018

2019

2020

Baseline average
(2018 and 2019)

2020 compared with
baseline, percent change

406,102
392,345
436,998
412,803
431,880
411,760
395,075

420,084
388,853
421,331
414,479
419,572
389,315
403,855

419,326
396,350
311,510
168,126
248,999
345,964
376,276

413,093
390,599
429,165
413,641
425,726
400,538
399,465

1.5
1.5
27.4
59.4
41.5
13.6
5.8

22,910
21,470
24,805
23,831
24,466
22,714
21,782

23,451
21,760
23,622
23,106
23,493
21,471
22,273

22,263
21,464
17,744
10,186
13,137
15,907
16,330

23,181
21,615
24,214
23,469
23,980
22,093
22,028

4.0
0.7
26.7
56.6
45.2
28.0
25.9

13,272
12,343
14,261
13,674
13,928
12,872
12,336

13,126
12,147
13,175
12,720
12,895
11,654
11,918

11,164
10,628
8,637
4,980
6,152
7,215
7,345

13,199
12,245
13,718
13,197
13,412
12,263
12,127

15.4
13.2
37.0
62.3
54.1
41.2
39.4

26,755
25,138
28,196
27,314
28,366
24,955
25,046

22,533
22,266
24,148
25,887
26,008
22,870
24,858

21,032
20,894
24,389
20,568
15,455
15,081
15,399

24,644
23,702
26,172
26,601
27,187
23,913
24,952

14.7
11.8
6.8
22.7
43.2
36.9
38.3

Note: All Quest Diagnostic specimens with HCV antibody−positive results are reﬂexed to RNA testing; therefore, the number of RNA tests have been
excluded from this study because it would be redundant information with respect to HCV antibody−positive results.
HCV, Hepatitis C virus.

Supporting these ﬁndings, a study reported that
declines in HCV antibody testing and new patient identiﬁcation declined sharply in the 3.5 months after March
16, 2020.19 Hospital-wide testing and new patient identiﬁcation fell by 49.6% and 42.1%, respectively. As
expected, ambulatory-only testing and new patient identiﬁcation fell more sharply, by 71.9% and 63.3%.
Consequences of delays in identiﬁcation of hepatitis C
−infected individuals and their subsequent receipt of
curative treatment will increase potential transmission
of HCV infection to others and, in the long term,
increase the risk of disease progression of untreated individuals.16 Patients with advanced liver disease because of
HCV infection are at risk for death and frequently need
September 2021

hepatic transplantation; however, effective antiviral therapy can avert these severe outcomes.20 Future studies
could examine how many patients who likely missed
screening opportunities during the pandemic will
develop HCV-associated complications, including
advanced liver disease, liver failure, need for liver transplantation, or liver cancer.
A delay is expected between hepatitis C diagnosis (i.e.,
a positive HCV RNA result) and subsequent HCV antiviral treatment administration.21 The reduction in prescriptions may have continued beyond the time that
HCV screening has returned to near previous levels,
owing to the time for patient referral to specialists and
appointment scheduling, prescription authorization, and
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Figure 2. Monthly change in HCV RNA−positive test results and HCV treatment prescriptions in 2020 versus a combined 2018 and
2019 baseline.
Note: Gray bars represent percent change in HCV RNA−positive test results in 2020 versus a combined 2018 and 2019 baseline. Black line represents percent change in HCV treatment prescriptions in 2020 versus a combined 2018 and 2019 baseline.
HCV, Hepatitis C virus.

patient delays in seeking and obtaining appointments
and authorizations.22 Factors inﬂuencing prescription
administration delays include insurance coverage,23,24
racial and ethnic disparities,25,26 and substance use.27
Nevertheless, delays in diagnosis may result in signiﬁcant delays in treatments. The lower number of HCV
diagnoses (HCV RNA−positive test results) during the
pandemic, extending at least through July 2020, may
result in extended decreases in prescribed treatments.
Further study is needed to evaluate the duration of the
declines noted in this study and health disparities, particularly for those in historically underserved communities with more limited access to health care. Also worthy
of study is how much the role of telemedicine during the
pandemic has affected patients obtaining prescriptions,
including the duration of each treatment prescription/
reﬁll.
An important observation is that over time, laboratory
testing and treatment is shifting toward younger
patients, aged 20−39 years (i.e., those born 1980 through
2000), born after the baby boomer birth cohort. This
shift toward younger patients predates recent changes in
HCV testing guidelines7,8 and likely reﬂects greater
awareness of both the known risk behaviors associated
with HCV acquisition and the recent injection opioid
epidemic among young adults. Nevertheless, the shift
toward younger adult patients for both testing and treatment is extremely encouraging in that the new guidelines are targeted largely at younger age groups.
Groups with high prevalence of chronic HCV infection, including people with substance use disorder who
inject drugs, people with HIV, and incarcerated populations, are also likely to be severely affected by the

COVID-19 pandemic and disruptions in the continuum
of care, given the already existing challenges with linkage
to care for these vulnerable populations.28−30 Key factors
contributing to patients missing appropriate medical
care during the pandemic include type of employment,
(e.g., lower-wage jobs and lost employment),31 living circumstances, (e.g., population and household density and
inability to work from home), and reduced access to
healthcare services,32 factors disproportionately affecting
non-Hispanic Black and Hispanic communities.33 This
evidence suggests the need to expand HCV treatment
with DAAs to populations at risk for adverse outcomes,
such as those with lower socioeconomic means.
Volume of HCV antibody testing was evaluated at a
national level; subanalyses on testing in speciﬁc populations were not conducted. However, based on national
surveys and assessments, HCV testing trends among
groups with high hepatitis C prevalence, such as people
with substance use disorder who inject drugs, people
born during 1945−1965 (baby boomers), and non-Hispanic Black individuals, likely follow the national testing
trends.25 People with substance use disorder who inject
drugs are further impacted by a decrease in syringe service providers, including HCV testing, harm reduction
(e.g., sterile injection equipment), and linkage to care
services (e.g., curative treatment).26 In addition, continued vigilance is needed in testing people born during
1945−1965, who are at the highest risk for dying of hepatitis C−related causes owing to increasing likelihood of
having had HCV infection for a longer time. Lack of
hepatitis C testing and treatment also has the risk of further widening racial/ethnic disparities and further
impacting non-Hispanic Black and American Indian/
www.ajpmonline.org
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Alaska Native populations, which are both disproportionately impacted by the COVID-19 pandemic.31,32
Thus, decreases in testing and treatment in vulnerable
communities and among those with high hepatitis C
prevalence have the risk of increasing HCV transmission
among untreated people unaware of their status, further
increasing hepatitis C incidence and prevalence in the U.
S. and moving us further from the hepatitis C elimination goals.
There were several strengths of this study, including
(1) distinctive yet complementary views of data from
clinical laboratory testing and prescription data and (2)
broad geographic coverage and scale provided by each
data set. The reported 180,321 cases of reported HCV
RNA positives per year (average of ﬁrst half-years of
2018 and 2019, doubled for estimated full year) listed in
Table 1 are 128% of CDC-reported cases of acute and
chronic HCV in the U.S. (2018).34 This 128% ﬁgure recognizes both the scale of the clinical laboratory test
results and under-reporting by public health departments to CDC.

Limitations
Limitations are noted. First, generalizability is limited
because the information reported does not represent all
HCV laboratory testing in the U.S. If race and ethnicity
designation were available, the information may have
provided additional information about likely disparities
in health care. Second, concurrent existing prescriptions
for those who ﬁll DAA prescriptions were unavailable.
Third, DAA prescriptions were limited to outpatient
retail dispensing and may not include other ways
patients can access medications, including pharmaceutical-sponsored patient assistance programs.35

CONCLUSIONS
This paper reports missed hepatitis C testing and treatment opportunities during the COVID-19 pandemic that
may have severe consequences for those with hepatitis C
and those at risk of infection (e.g., exposure to virus
through contact with people who are undiagnosed or
untreated). Healthcare systems design should consider
new approaches that carefully balance public health strategies that deploy limited resources wisely.36,37 This should
involve improved access to healthcare services, especially
among those who are uninsured and underinsured; community engagement and outreach; and expansion of telemedicine, including safe laboratory testing options.
Generally speaking, healthcare systems should focus on
both the COVID-19 pandemic and the unintended consequences of delayed diagnosis and treatment for other non
−COVID-19 diseases. This may include developing novel
September 2021
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public health messaging, interventions, and outreach programs for speciﬁc populations that may have lost access
to effective prevention programs designed to detect and
cure diseases’ earlier stages.
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