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Introduction

The WHO estimates that 71 million people worldwide have chronic HCV infection with 0.4 million
people dying each year from their infection (, ,,. Up to 85% of infected patients may be unaware of
their infection, and a minority of those diagnosed receive treatment ;.

Diagnosis of HCV is based on a 3-fold approach to testing:

1. Detection of HCV IgG by ELISA (no discrimination between active and previous infection)

2. Detection of HCV core antigen (HCV-Ag. Diagnostic of active infection and improved specificity
compared to HCV-Ab)

Detection of HCV RNA by PCR (gold standard, but not financially viable in resource poor settings)

Up until 2014, detection of HCV-Ab was widely used to estimate seroprevalence. However this
method detects cleared infection, has inter-assay variability and false positive results associated
with various factors (, 5, (including ethnicity (5 ;;, ESR,;, auto-antibodies (g and prosthetic devices ).
There has been a move towards using HCV-Ag and/or HCV PCR to accurately determine population
prevalence although there are doubts as to the sensitivity of HCV-Ag as a primary screening tool and
WHO guidelines still recommend HCV-Ab as first line ;.

Here we set out to look at the performance of several diagnostic tools in a UK tertiary referral
hospital. We reviewed the performance of the local HCV testing protocol in 2 different time periods:
- When HCV antibody screening alone was available

- After the combined Ab/Ag test was introduced

We collated these results alongside HCV RNA detection to describe the local epidemiology, and
reviewed the proportion of individuals with a diagnosis of HCV who are referred onto hepatology
services and attend for treatment. This is part of an ongoing local effort on HCV surveillance and
treatment ;4 14

Methods

The laboratory involved handles samples from a wide community as well as four hospital inpatient
sites. We retrospectively looked at all HCV screening tests performed within two time intervals in
which different diagnostic algorithms were operating (figure 1):

Group 1 (Jan 2013 - June 2014)

Samples screened for HCV Ab only using an automated immunoassay. Positive results were sent to
the reference laboratory for confirmation using two further ELISA tests, and those confirmed
positive were then tested for HCV RNA.

Group 2 (Jan 2015 - March 2016)
HCV diagnosis using combination of HCV Ab/Ag testing. HCV Ag positives were classed as those in
range 10-20,000 fmol/L.

Figure 1: Algorithms describing approach to, and results of, HCV diagnostic testing in a UK teaching hospital laboratory in 2014 (A) and 2016

Total number of HCV-Ab tests performed
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Total number of HCV-ADb tests positive = Total number of HCV-Ab tests new |

327/19,226 (1.7%) positive = 325/450 (72.2%)
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Total number of HCV-Ab tests new Total number of HCV-Ag tests performed
positive = 317/327 (96.9%) = 305/1445 (21.2%)
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‘False positive”:
HCV-AD test negative by ‘Ag Reactive”: ‘Ag Non-Reactive”:
reference positive by reference lab HCV-Ag test positive = HCV-Ag test negative
= 277/317 (87.4%) 158/305 (51.8%) = 147/305 (48.2%)

‘True positive”:
HCV-Ab test confirmed

lab = 40/317 (12.6%)
l 4 !

HCV RNA
Not Done= 74/147 (50.2%)
<15 1U/ml = 66/147 [45%)
= 151U/ml = 7/147 (4.8%)

Number of cases positive HCV RNA
< for HCV RNA 4= NotDone =51/158 (31.7%)
= 194/277 (70.0%) = 15 1U/ml = 107/158 {65.8%)

Total positive rate
194/19,226 (1%)

Results

38,510 HCV tests were done during the two intervals with 359 new active HCV infections identified
and confirmed (0.9%). Characteristics of individuals with new infection are shown in table 1.

HCV genotype was available in 70% new diagnoses, with geno-1 and 3 accounting for the majority
(figure 2), in keeping with overall genotype distribution in Europe and PHE data ,, ;3.

Table 1: Characteristics of individuals with active HCV infection in a UK teaching hospital in two time windows between 2014
and 2016

Group 2 Group 1 + Group 2
| e e | Sl
165 359

Total number confirmed positive for 194
active HCV infection

137 (83.0%)

Number male (% of positive tests) 167 (86.1%) 304 (84.7%)

Age in years (median and IQR) 39 (31-49) 37 (30-44) 37 (31-48)

Location

Prison 63 (32.5%)
Hospital in-patient 15 (7.7%)
Hospital out-patient / primary 90 (46.4%)
care

Sexual health clinic 16 (8.2%)
Occupational health 2 (1%)

8 (4.2%)

66 (40.7%)
13 (8%)
64 (38.8%)

129 (36.2%)
28 (7.9%)
154 (42.9%)

13 (7.9%)
1(0.6%)
8 (4.8%)

29 (8.1%)
3 (0.8%)
16 (4.5%)

Ethnic origin
- Black

- Asian

- European

1 (0.6%)
7 (4.2%)
97 (60.7%)
57 (34.5%)

7 (3.6%)
18 (9.3%)
149 (76.8%)
20 (10.3%)

8 (2.2%)
25 (7.0%)
246 (69.4%)
77 (21.4%)

Figure 2: Distribution of HCV genotypes in a UK
cohort. Data for 250 individuals shown.

HCV GENOTYPE

B Geno-1 n=110
Bl Geno-2 n=21
Geno-3 n=111
Geno-4 n=8

HCV-Ab test outcomes and performance

In the earlier testing group (group 1) 277 of 317 positive HCV-Ab tests were positive on repeat
testing giving a PPV of 87.4% for our in-house test when compared to the regionally accepted
standard. We found African ethnicity was significantly associated with a false positive Ab test
(p=0.0004) but age >60 yrs and gender were not. Prison location was associated with a true
positive Ab test.

HCV-Ag test outcomes and performance

In the later testing group (group 2), the PPV of the combined use of HCV-Ab plus HCV-Ag test
was 100% when compared to the gold standard test using HCV PCR.

We looked at the relationship between HCV-Ag and HCV RNA, and found there
was a close positive correlation. This indicates HCV-Ag is a good surrogate of viraemia in the
absence of access to a qPCR result (figure 3).

In a small number of cases the HCV-Ag test showed false negative results. There
were no consistent features found to unify these misleading results.

Figure 3: Relationship between HCV Antigen test and quantitative PCR for HCV RNA viral load. (A) Range of HCV viral loads for
samples testing HCV-Ag positive (n=107) and HCV-Ag negative (n=73). (B) Linear regression plot showing correlation between HCV-Ag
and HCV-RNA for all samples testing HCV-Ag positive (n=108). Dashed lines represent threshold for detection for HCV RNA (15 IU/ml)
and HCV-Ag (10 fmol/ml).
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Referral to Hepatology and Treatment Attendance

Of the 359 patients with a new HCV diagnosis, only 117 (33%) attended a hepatology clinic
appointment, 76 were treated (21%) and 48 had sustained viraemic remission (13%). This
shows the loss of patients during the treatment pathway due to a multitude of factors.

Discussion

This study shows the large number of HCV requests processed in a UK teaching hospital
laboratory. Overall 0.9% tests confirmed active HCV infection. There was a predominance in
men and over one-third were from prison.

Our HCV-Ab test had PPV of 87% and performed worse in African populations. This illustrates
how tests derived for Caucasian populations do not necessarily apply to other settings.
Following our switch to combined HCV-Ab and HCV-Ag testing, PPV increased to 100%.
Genotypes 1 and 3 predominate in keeping with national and international data.

Significance to Clinical Practice

Our results affirm the approach to diagnosis using HCV-Ag testing which could potentially
replace a nucleic acid test for diagnosis or monitoring. PCR however remains the gold standard
in both the UK and North America and is needed for genotyping to plan treatment.

The small proportion of diagnosed patients who subsequently attended clinic appointments
and received treatment highlights the challenges for HCV elimination. Ensuring the prison
population have access to specialist hepatology care seems particularly important given the
high proportion of infected patients in prison.

References

1. Hepatitis C: Fact Sheet Number 164. 2014 [cited 2014; Available from: http://www.who.int/mediacentre/factsheets/fs164/en/.

2. World Health Organisation Global Health Sector Strategy on Viral Hepatitis 2016-2021: towards ending viral hepatitis. 2016.

3. Smith, B.D., et al., Rapid diagnostic HCV antibody assays. Antivir Ther, 2012. 17(7 Pt B): p. 1409-13.

4. Sakiani, S., C. Koh, and T. Heller, Understanding the presence of false-positive antibodies in acute hepatitis. J Infect Dis, 2014. 210(12): p. 1886-9.

5. Narciso-Schiavon, J.L., et al., Anti-HCV reactive blood donors: clinical and epidemiological factors associated with false-reactive results. Eur ) Gastroenterol Hepatol, 2008. 20(11): p. 1071-6.
6. Ownby, H.E., et al., Loss of volunteer blood donors because of unconfirmed enzyme immunoassay screening results. Retrovirus Epidemiology Donor Study. Transfusion, 1997. 37(2): p.
199-205.

7. Seremba, E., et al., Poor performance of hepatitis C antibody tests in hospital patients in Uganda. J Med Virol, 2010. 82(8): p. 1371-8.

8. Agha, S, et al., Prevalence of low positive anti-HCV antibodies in blood donors: Schistosoma mansoni co-infection and possible role of autoantibodies. Microbiol Immunol, 2006. 50(6): p.
447-52.

9. Srivastava, A.V., et al., High rates of false-positive hepatitis C antibody tests can occur after left ventricular assist device implantation. ASAIO J, 2013. 59(6): p. 660-1.

10. Hodgekiss, C, Shipman, A and Jeffery, K. Outcome of hepatitis C testing in the pre-protease era 2008 — 2012 [version 1; not peer reviewed]. FI000Research 2017, 6:1677 (poster) (doi:
10.7490/f1000research.1114872.1)

11. Matthews PC, Jesuthasan, G and Jeffery, K. Hepatitis C in a teaching hospital trust: translating diagnosis into treatment [version 1; not peer reviewed]. F1000Research 2017, 6:1147
(poster) (doi: 10.7490/f1000research.1114429.1)

12. Messina, J.P., et al., Global distribution and prevalence of hepatitis C virus genotypes. Hepatology, 2015. 61(1): p. 77-87.

13. Public Health England. Hepatitis C in the UK; 2015 report. 2015 [cited 2017 June]; Available from:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/448710/NEW_FINAL_HCV_2015_IN_THE_UK_REPORT_28072015_v2.pdf.




