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Abstract

:

The 2019 novel coronavirus (COVID-19) pandemic has placed a significant strain on hepatitis programs and interventions (screening, diagnosis, and treatment) at a critical moment in the context of hepatitis C virus (HCV) elimination. We sought to quantify changes in Direct Acting Antiviral (DAA) utilization among different countries during the pandemic. We conducted a cross-sectional time series analysis between 1 September 2018 and 31 August 2020, using the IQVIA MIDAS database, which contains DAA purchase data for 54 countries. We examined the percent change in DAA units dispensed (e.g., pills and capsules) from March to August 2019 to the same period of time in 2020 across the 54 countries. Interrupted time-series analysis was used to examine the impact of COVID-19 on monthly rates of DAA utilization across each of the major developed economies (G7 nations). Overall, 46 of 54 (85%) jurisdictions experienced a decline in DAA utilization during the pandemic, with an average of −43% (range: −1% in Finland to −93% in Brazil). All high HCV prevalence (HCV prevalence > 2%) countries in the database experienced a decline in utilization, average −49% (range: −17% in Kazakhstan to −90% in Egypt). Across the G7 nations, we also observed a decreased trend in DAA utilization during the early months of the pandemic, with significant declines (p < 0.01) for Canada, Germany, the United Kingdom, and the United States of America. The global response to COVID-19 led to a large decrease in DAA utilization globally. Deliberate efforts to counteract the impact of COVID-19 on treatment delivery are needed to support the goal of HCV elimination.
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1. Introduction


Close to 71 million people are chronically infected with the hepatitis C virus (HCV) worldwide [1]. If left untreated, chronic HCV infection can cause substantial morbidity and mortality, with complications including cirrhosis, end-stage liver disease, and hepatocellular carcinoma [2,3]. Published models that assume absence of treatment suggest that cases of end stage liver disease among HCV-infected people will peak between 2030 and 2035 [4]. Fortunately, treatment options for HCV infection have improved over the past decade with the introduction of direct-acting antiviral (DAA) treatment. DAAs can achieve sustained virologic responses or cure a high (>95%) proportion of patients with favorable safety and tolerance profiles [5]. Sustained virologic response leads to substantial reductions in liver transplantation, hepatocellular carcinoma, and liver-related mortality, prompting the World Health Organization (WHO) to set targets for HCV elimination by 2030 [6,7,8]. However, this goal requires sustained robust screening programs for HCV and global access to DAAs [9].



The 2019 novel coronavirus (COVID-19) pandemic has impacted all stages of the HCV cascade of care and has resulted in reduced access to critical medical services [10]. Early in the pandemic, the World Hepatitis Alliance administered a global survey assessing the effects of the COVID-19 pandemic on viral hepatitis services [11]. Findings included decreased hepatitis testing due to pandemic-related closures or patient avoidance of testing facilities and a lack of hepatitis treatment access due to temporary government-imposed restrictions in routine healthcare [11]. Although modelling studies suggest that some countries could conceivably eliminate HCV by 2030, they did not account for the COVID-19 pandemic, which may jeopardize progress toward elimination [12]. Yet the impact of the COVID-19 pandemic on global DAA utilization is unknown. We sought to quantify changes in DAA utilization among different countries during the COVID-19 pandemic.




2. Materials and Methods


2.1. Study Design


To better understand the impact of the COVID-19 pandemic on global DAA utilization, we conducted a cross-sectional time series analysis examining monthly DAA units sold from 1 September 2018 to 31 August 2020.




2.2. Data Source


Data on DAA (Anatomical Therapeutic Chemical code J05AP) sales were obtained from the IQVIA Multinational Integrated Data Analysis (MIDAS) database [13]. The database contains annual figures summarizing pharmacy sales of specific DAAs and combination DAA units in 54 countries/regions (Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica, and Panama are aggregated as Central America, and Benin, Burkina Faso, Cameroon, Côte d’Ivoire, Democratic Republic of the Congo, Gabon, Guinea, Mali, Senegal, and Togo as Francophone West Africa) [13]. DAA units were defined by IQVIA as a single capsule/pill (generic and brand name formulations; DAA drug list: Table S1). IQVIA’s MIDAS databases includes aggregate units sold but lacks relevant clinical (e.g., indication) and demographic information (i.e., age, sex, number of people living with HCV). The prescription data is projected to represent national prescribing levels across all jurisdictions (Global precision index in 2019: 94% to 95%) and is regularly used for research purposes because it estimates prescription volumes from all public and private payers [14,15,16,17]. In addition, the proportion of total pharmacy sales in each country obtained by IQVIA-MIDAS database ranges from 45% (United Arab Emirates) to 100% (23 out of 54 countries analyzed), Table S2.




2.3. Statistical Analysis


To study the impact of the COVID-19 pandemic on global DAA utilization, we compared the percent change in DAA units dispensed from March to August 2019 to the same period of time in 2020, across the 54 jurisdictions available in our database. We also stratified our analysis among high prevalence (defined as a HCV prevalence > 2%) countries in our database (Egypt, Kazakhstan, Pakistan, Romania, Taiwan) [1]. In addition, we report the standardized DAA units sold per 100,000 persons between September 2018 and August 2020 across the Group of Seven countries (G7: Canada, France, Germany, Italy, Japan, the United Kingdom, and the United States of America) [18]. We selected the G7 because they reported complete monthly data from September 2018, whereas other countries did not. We obtained monthly population estimates between 2018 and 2020 [19]. These estimates were used to population standardize DAA units sold.



Finally, we used autoregressive integrated moving average models (ARIMA) to examine the impact of COVID-19 on monthly rates of DAA utilization across each of the G7 countries [20]. ARIMA modelling is a robust method for assessing population-level health intervention impacts, as it can account for underlying trends, autocorrelation, and seasonality and allows for the modelling of various types of interventions [21]. This form of analysis is used to study drug utilization data as they often exhibit seasonality and autocorrelation in their trends. We examined the impact of the early months of the COVID-19 pandemic by including a ramp intervention function to detect a change in trend of monthly DAA utilization after March 2020. p value less than 0.05 was considered significant. All analyses were performed using SAS (version 9.4, The SAS Institute).





3. Results


Overall, 46 out of 54 (85%) jurisdictions available in our database experienced a decline in DAA utilization during the COVID-19 pandemic (Figure 1). Among the 46 jurisdictions, the utilization of DAAs decreased on average by −43% (Standard Deviation (SD = 21)) during the first 6 months of the pandemic (March to August 2020). Decreases in DAA utilization ranged from −1% in Finland to −93% in Brazil. Among the eight countries that experienced a percent increase, the range was between +24% (Mexico) to +449% (South Africa). All countries in our database with a high prevalence of HCV (Egypt, Kazakhstan, Pakistan, Romania, Taiwan) experienced a −49% (SD = 27) average decline in DAA utilization. Decreases in DAA utilization in high prevalence countries ranged from −17% in Kazakhstan to −90% in Egypt.



Monthly utilization of DAAs was stable across G7 countries between September 2018 to February 2020 (pre-healthcare restrictions) (Figure 2). In the early months of the pandemic (March to August 2020), all countries in the G7 experienced declines in monthly DAA utilization ranging from −58% (Italy) to −18% (Canada). However, only four countries in the G7 (Canada, Germany, the United Kingdom, and the United States of America) had statistically significant (p < 0.05) declines in utilization (Table 1, Figure 2).




4. Discussion


Our study, using global prescription data representing 5.4 billion people from 54 countries, shows a decline in DAA utilization associated with the COVID-19 pandemic across the majority of countries studied (46 out of 54). Importantly, all high-prevalence (HCV prevalence > 2%) countries in the database experienced declines in utilization. Across the major developed economies (the G7), we also observed a decreasing trend in DAA utilization during the early months of the pandemic that continued to remain below pre-pandemic levels by August 2020. These results highlight the impact of the pandemic to the management of HCV and may have set back the ability to achieve the WHO goal of eliminating HCV by 2030. In addition, this slowdown in HCV treatment may lead to an increased number of HCV related comorbidities during this time.



The COVID-19 pandemic has placed significant strain on national healthcare systems [22]. Although early responses to the pandemic varied across jurisdictions, the redeployment of healthcare resources and public health personnel to focus on containing the COVID-19 pandemic was common. The ensuing healthcare disruptions are known to have had far-reaching consequences for the management of patients with chronic disease, including HCV [23,24]. For example, in February 2020, the Italian government planned to conduct birth cohort screening for hepatitis; however, these programs were halted because of the early exposure to COVID-19 [25]. Similarly, in Egypt, all hepatitis screening programs were paused in March 2020 and the number of HCV treatment units operating was reduced by more than 75% [25]. Our findings build upon these early observations to provide the first estimate of a change in DAA utilization associated with the COVID-19 pandemic on a global scale.



Our results are concerning as they highlight that the pandemic may be a major speed bump on the WHO’s goal of eliminating HCV by 2030. This plan targets an 80% reduction in new chronic infections and a 65% reduction in mortality from 2015 levels [8]. Of the 45 developed countries, only 11 (Australia, Canada, France, Germany, Iceland, Italy, Japan, Spain, Sweden, Switzerland, and the United Kingdom) were on track to meet elimination targets by 2030 [26]. A further five countries (Austria, Malta, the Netherlands, New Zealand, and South Korea) were on track to meet the targets by 2040 [26]. Interestingly, all the countries listed above that are available in our database (Iceland and Malta not in database) experienced reductions in DAA utilization. This suggests that, even prior to COVID-19, many developed countries were behind schedule to reach the elimination targets. The COVID-19 associated reductions in DAA treatment observed in our study are likely to exacerbate already delayed plans for HCV elimination. Secondly, to receive access to HCV treatment, most countries require patients to receive HCV lab testing and screening [27]. However, public health initiatives (e.g., testing and screening) have fallen behind in both developed and developing nations and need to be accounted for in future healthcare planning and re-launch strategies. This problem is of exceptional concern among the most marginalized populations in developed countries (e.g., people who inject drugs), as well as developing countries with high HCV prevalence and whereby HCV infrastructure and systems may not be as robust to make up for lost opportunities and time [28,29,30]. Consequently, restoring and ramping up HCV screening and treatment program capacity is urgently needed to mitigate the impact of COVID-19 on attaining elimination targets and optimizing the health of patients with HCV. Future work should monitor drug utilization trends from September 2020 onwards, combined with outcome information to more carefully evaluate the impact of the COVID-19 pandemic on HCV elimination goals.



Our study has some limitations. First, the IQVIA data source only includes aggregate DAA units sold without clinical information and patient information (i.e., age, sex). Future work should examine the number of patients impacted across jurisdictions. The results presented in this study align with a previous analysis using patient-level data that observed a sharp and significant decline (−49%) in the number of DAA recipients upon the introduction of COVID-19 restrictions in the first quarter of 2020 in Ontario, Canada [24]. Second, the numbers reported by MIDAS are approximations based on wholesale reports, which may not accurately reflect DAA utilization in every country. For some countries, the percent change (2020 vs. 2019) may be understated as these countries could have bulk ordered DAAs in March 2020 due to fear of drug shortages. Interestingly, few countries exhibited growth, this observation may potentially be associated with signs of bulk ordering, lower baseline rates of treatment that increased prior to the pandemic, or increasing public health initiatives just prior to the pandemic. Lastly, direct comparisons between countries should be contextualized within jurisdictional differences in healthcare system structures and drug distribution. There are important variations in DAA utilization between countries before and during the pandemic; therefore, the impact of COVID-19 in each country should be interpreted within the context of their pharmaceutical policies. For example, DAA utilization in Italy was declining in the year prior to the pandemic, whereas other G7 countries appeared to have stable utilization in 2019.




5. Conclusions


The systematic response to COVID-19 led to a large decrease in DAA utilization globally. Delays in starting DAAs and interruptions in treatment places patients with HCV at risk of poor outcomes. Deliberate efforts to counteract the impact of COVID-19 on treatment delivery are needed to support the goal of HCV elimination.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/v13071314/s1, Table S1: List of Direct Acting Antivirals. Table S2: Proportion of total pharmacy sales obtained by IQVIA-MIDAS database, stratified by country.





Author Contributions


Conceptualization, T.A., J.F., K.J.S. and M.T.; methodology, A.S., C.C. and M.T.; formal analysis, A.S. and C.C.; investigation, A.S., N.K., C.C., T.A., J.F., K.J.S. and M.T.; resources, K.J.S. and M.T.; data curation, K.J.S. and M.T.; writing—original draft preparation, A.S. and M.T.; writing—review and editing, A.S., N.K., C.C., T.A., J.F., K.J.S. and M.T.; supervision, K.J.S. and M.T.; project administration, M.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Acknowledgments


The statements, findings, conclusions, and views contained and expressed herein are those of the authors and do not necessarily represent the views of the U.S. government, the Department of Veterans Affairs, or IQVIA or any of its affiliated or subsidiary entities. The statements, findings, conclusions, views, and opinions contained and expressed in this publication are based in part on data obtained under license from IQVIA as part of the IQVIA Institute’s Human Data Science Research Collaborative.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Blach, S.; Zeuzem, S.; Manns, M.; Altraif, I.; Duberg, A.-S.; Muljono, D.H.; Waked, I.; Alavian, S.M.; Lee, M.-H.; Negro, F.; et al. Global prevalence and genotype distribution of hepatitis C virus infection in 2015: A modelling study. Lancet Gastroenterol. Hepatol. 2017, 2, 161–176. [Google Scholar] [CrossRef]

	



Shepard, C.W.; Finelli, L.; Alter, M.J. Global epidemiology of hepatitis C virus infection. Lancet Infect. Dis. 2005, 5, 558–567. [Google Scholar] [CrossRef]

	



Shakeri, A.; Srimurugathasan, N.; Suda, K.J.; Gomes, T.; Tadrous, M. Spending on Hepatitis C Antivirals in the United States and Canada, 2014 to 2018. Value Health 2020, 23, 1137–1141. [Google Scholar] [CrossRef]

	



Buckley, G.J.; Strom, B.L. Eliminating the Public Health Problem of Hepatitis B and C in the United States: Phase One Report; The National Academies Press: Washington, DC, USA, 2016; ISBN 0309437997. [Google Scholar]

	



Holmes, J.A.; Rutledge, S.M.; Chung, R.T. Direct-acting antiviral treatment for hepatitis C. Lancet 2019, 393, 1392–1394. [Google Scholar] [CrossRef]

	



Van Der Meer, A.J.; Veldt, B.J.; Feld, J.J.; Wedemeyer, H.; Dufour, J.F.; Lammert, F.; Duarte-Rojo, A.; Heathcote, E.J.; Manns, M.P.; Kuske, L.; et al. Association between sustained virological response and all-cause mortality among patients with chronic hepatitis C and advanced hepatic fibrosis. J. Am. Med. Assoc. 2012, 308, 2584–2593. [Google Scholar] [CrossRef]

	



Janjua, N.Z.; Chong, M.; Kuo, M.; Woods, R.; Wong, J.; Yoshida, E.M.; Sherman, M.; Butt, Z.A.; Samji, H.; Cook, D.; et al. Long-term effect of sustained virological response on hepatocellular carcinoma in patients with hepatitis C in Canada. J. Hepatol. 2017, 66, 504–513. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). Combating Hepatitis B and C to Reach Elimination by 2030: Advocacy Brief; World Health Organization: Geneva, Switzerland, 2016; Available online: http://apps.who.int/iris/bitstream/hadle/10665/206453/WHO_HIV_2016.04_eng.pdf?sequence=1 (accessed on 25 January 2021).

	



Myers, S.; Khosa, G.; Kuo, I.F.; Janzen, D.; Alessi-Severini, S. Moving towards universal coverage of direct-acting antiviral therapies for hepatitis c infection in canada: An environmental scan of canadian provinces and international jurisdictions. J. Pharm. Pharm. Sci. 2018, 21, 271s–308s. [Google Scholar] [CrossRef]

	



Lanièce Delaunay, C.; Greenwald, Z.R.; Minoyan, N.; Artenie, A.A.; Jeong, D.; Marathe, G.; Saeed, Y.A.; Kolla, G.; Kunden, R.D.; Okwor, C.I.A.; et al. Striving toward hepatitis C elimination in the era of COVID-19. Can. Liver J. 2021, 4, e20200027. [Google Scholar] [CrossRef]

	



Wingrove, C.; Ferrier, L.; James, C.; Wang, S. The impact of COVID-19 on hepatitis elimination. Lancet Gastroenterol. Hepatol. 2020, 5, 792–794. [Google Scholar] [CrossRef]

	



Gamkrelidze, I.; Pawlotsky, J.M.; Lazarus, J.V.; Feld, J.J.; Zeuzem, S.; Bao, Y.; Gabriela Pires dos Santos, A.; Sanchez Gonzalez, Y.; Razavi, H. Progress towards hepatitis C virus elimination in high-income countries: An updated analysis. Liver Int. 2021, 41. [Google Scholar] [CrossRef] [PubMed]

	



IQVIA MIDAS. Available online: https://www.iqvia.com/solutions/commercialization/brand-strategy-and-management/market-measurement/midas (accessed on 25 January 2020).

	



Durup, D.; Schaffalitzky de Muckadell, P.; Strom, C.C. Evaluation of the reported rates of hypersensitivity reactions associated with iron dextran and ferric carboxymaltose based on global data from VigiBaseTM and IQVIATM MIDAS® over a ten-year period from 2008 to 2017. Expert Rev. Hematol. 2020, 13, 557–564. [Google Scholar] [CrossRef] [PubMed]

	



IQVIA. IQVIA Quality Assurance: Acts 2019. 2020. Available online: https://www.iqvia.com/-/media/iqvia/pdfs/library/publications/2019-acts-annual-report.pdf?_=1625260787299 (accessed on 29 January 2021).

	



Jackson, C.; Hsia, Y.; Bielicki, J.A.; Ellis, S.; Stephens, P.; Wong, I.C.K.; Sharland, M. Estimating global trends in total and childhood antibiotic consumption, 2011–2015. BMJ Glob. Health 2019, 4, e001241. [Google Scholar] [CrossRef]

	



Klein, E.Y.; Van Boeckel, T.P.; Martinez, E.M.; Pant, S.; Gandra, S.; Levin, S.A.; Goossens, H.; Laxminarayan, R. Global increase and geographic convergence in antibiotic consumption between 2000 and 2015. Proc. Natl. Acad. Sci. USA 2018, 115, E3463–E3470. [Google Scholar] [CrossRef]

	



United Nations. World Economic Situation and Prospects 2021; United Nations: Geneva, Switzerland, 2020. Available online: https://www.un.org/development/desa/dpad/wp-content/uploads/sites/45/WESP2021_FullReport.pdf (accessed on 30 January 2021).

	



United Nations (UN). Population Division World Population Prospects. Available online: https://population.un.org/wpp/ (accessed on 3 March 2021).

	



Jandoc, R.; Burden, A.M.; Mamdani, M.; Lévesque, L.E.; Cadarette, S.M. Interrupted time series analysis in drug utilization research is increasing: Systematic review and recommendations. J. Clin. Epidemiol. 2015, 68, 950–956. [Google Scholar] [CrossRef] [PubMed]

	



Schaffer, A.L.; Dobbins, T.A.; Pearson, S.A. Interrupted time series analysis using autoregressive integrated moving average (ARIMA) models: A guide for evaluating large-scale health interventions. BMC Med. Res. Methodol. 2021, 21, 1–12. [Google Scholar] [CrossRef]

	



Moynihan, R.; Sanders, S.; Michaleff, Z.A.; Scott, A.M.; Clark, J.; To, E.J.; Jones, M.; Kitchener, E.; Fox, M.; Johansson, M.; et al. Impact of COVID-19 pandemic on utilisation of healthcare services: A systematic review. BMJ Open 2021, 11. [Google Scholar] [CrossRef] [PubMed]

	



Kondili, L.A.; Marcellusi, A.; Ryder, S.; Craxì, A. Will the COVID-19 pandemic affect HCV disease burden? Dig. Liver Dis. 2020, 52, 947–949. [Google Scholar] [CrossRef] [PubMed]

	



Konstantelos, N.; Shakeri, A.; McCormack, D.; Feld, J.J.; Gomes, T.; Tadrous, M. Impact of COVID-19 on prescribing trends of direct-acting antivirals for the treatment of Hepatitis, C. in Ontario, Canada. Am. J. Gastroenterol. 2021. [Google Scholar] [CrossRef]

	



Blach, S.; Kondili, L.A.; Aghemo, A.; Cai, Z.; Dugan, E.; Estes, C.; Gamkrelidze, I.; Ma, S.; Pawlotsky, J.M.; Razavi-Shearer, D.; et al. Impact of COVID-19 on global HCV elimination efforts. J. Hepatol. 2021, 74, 31–36. [Google Scholar] [CrossRef] [PubMed]

	



Razavi, H.; Sanchez Gonzalez, Y.; Yuen, C.; Cornberg, M. Global timing of hepatitis C virus elimination in high-income countries. Liver Int. 2020, 40, 522–529. [Google Scholar] [CrossRef] [PubMed]

	



Li, H.C.; Lo, S.Y. Hepatitis C virus: Virology, diagnosis and treatment. World J. Hepatol. 2015, 7, 1377–1389. [Google Scholar] [CrossRef] [PubMed]

	



Boucher, L.M.; Bayoumi, A.M.; Mark, A.E.; Cooper, C.; Martin, A.; Marshall, Z.; Boyd, R.; Oickle, P.; Diliso, N.; Pineau, D.; et al. Hepatitis C Testing, Status and Treatment among Marginalized People Who Use Drugs in an Inner City Setting: An Observational Cohort Study. Subst. Use Misuse 2019, 54, 18–30. [Google Scholar] [CrossRef]

	



Graham, C.S.; Swan, T. A path to eradication of hepatitis C in low- and middle-income countries. Antivir. Res. 2015, 119, 89–96. [Google Scholar] [CrossRef] [PubMed]

	



Tordrup, D.; Hutin, Y.; Stenberg, K.; Lauer, J.A.; Hutton, D.W.; Toy, M.; Scott, N.; Bulterys, M.; Ball, A.; Hirnschall, G. Additional resource needs for viral hepatitis elimination through universal health coverage: Projections in 67 low-income and middle-income countries, 2016–2030. Lancet Glob. Health 2019, 7, e1180–e1188. [Google Scholar] [CrossRef]








[image: Viruses 13 01314 g001 550] 





Figure 1. Percent change (%) in utilization of Direct Acting Antivirals by country and region from March to August 2020 compared to March to August 2019. 
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Figure 2. Direct Acting Antiviral units sold per 100,000 people from September 2018–August 2020 across the G7 countries. Dashed lined: declaration of the COVID-19 pandemic (March 2020). 
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Table 1. Results of interrupted time-series model examining the impact of the COVID-19 pandemic on Direct Acting. Antiviral utilization across the G7 countries.
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	G7 Countries
	Percent Change 1

(%)
	Change in Trend of Monthly Direct Acting

Antiviral Utilization 2





	Canada
	−18
	p = 0.0299



	France
	−37
	p = 0.3399



	Germany
	−19
	p = 0.0150



	Italy
	−58
	p = 0.2008



	Japan
	−28
	p = 0.7015



	United Kingdom
	−32
	p = 0.0004



	United States of America
	−24
	p = 0.0003







1Percent change calculation. March 2020–August 2020 compared to March 2019–August 2019. 2Time series analysis. Ramp from April 2020 to August 2020 (September 2018 to March 2020 compared to April 2020 to August 2020).
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