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Abstract: Innovative testing techniques and care delivery systems are required to meet the global
elimination goals for the hepatitis B virus (HBV) and the hepatitis C virus (HCV). There is minimal evidence
to justify the European Centre for Disease Prevention and Control's (ECDC) recommendation that
emergency departments (EDs) in high-prevalence areas do routine blood-borne virus (BBV) testing. Our
emergency room has provided free HIV testing since 2013. We modified the electronic patient record
(EPR) system to include opportunistic opt-out HBV/reflexHCV tests for any routine blood test orders for
ED visits older than 16 years old. A real-world service review was conducted as part of this upgrade.
Initially mostly hospital-led, our approach of connecting with individuals who needed to be connected to
care (new diagnoses/known but disengaged) has shifted to working with regional health and charitable
organization networks. Over the course of 11 months, 40,881 patients went to the ED; 45.5% had blood
testing done. In total, 75% of participants had HBV and HCV testing done. Both the seroprevalence of
hepatitis B surface antigen (HBsAg) and HCV antigen (HCV-Ag) was 0.9%. 79% of the 140 HBsAg+ patients
that were successfully reached required to be connected to care, and 87% of them took action. 130 HCV-
Ag+ patients were able to be contacted, and 76% required linkage; 52% were engaged. Our results
demonstrate the effectiveness and viability of universal ED EPR opt-out HBV/HCV testing along with
complete linkage to treatment processes, enabling care provision, particularly to underprivileged at-risk
groups with limited access to treatments. The findings support the ECDC's recommendations for BBV
testing and may have an impact on upcoming UK recommendations for hepatitis testing.
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1. INTRODUCTION

According to recent Public Health England (PHE) estimates, 118,000 people in Pakistan were believed to
have chronic HCV infection as of 2019 [1], which is a substantial source of sickness and mortality both
internationally and in the UK. Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are also a
significant cause of illness and mortality in the UK. HBV PHE data are unavailable, but according to the
Polaris Observatory, 441,000 people had chronic HBV in 2016. [2] Although there are still considerable
barriers, effective treatments that reduce mortality and morbidity for both viral infections are now widely
accessible [3, 4]. A large number of infections go untreated, which contributes in part to this problem. In
2018, it was estimated that two-thirds of chronic HCV infections were misdiagnosed [6]. The World
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Health Organization (WHO) Global Health Sector Strategy on Viral Hepatitis put emphasis to the need for
cutting-edge testing techniques and efficient links to care pathways in order to totally eradicate viral
hepatitis as a significant public health problem by 2030 [5]. Although it acknowledges that there is little
evidence to support its utility, the European Centre for Disease Prevention and Control (ECDC) advises
routine blood-borne virus (BBV) testing in emergency departments (EDs) in high-prevalence areas [7].
More than 24 million individuals visited EDs in England in 2018-19. For frequently marginalized people
who are at high risk of BBVs, the ED is frequently a key point of access to healthcare [9, 10]. Findings from
recent multicenter studies, ED seroprevalence and pilot studies on ED viral testing with opt-out [11, 12].
The opportunity to get tested for the HIV virus is always available to adult ED visitors who are having
blood work done for another medical reason [13—15]. Contrarily, this is not considered in the current
Pakistani recommendations for hepatitis testing [16]. During a 1-week opt-out ED testing session in 2014,
this type of testing was shown to be effective and feasible in nine EDs [17]. In this work, the model is
enhanced to evaluate the concept's applicability in the real world.

2. MATERIALS AND METHODS

We assessed the growth of clinical services at King Edward Medical University, Mayo Hospital, and
Lahore, Pakistan. Phases 1 and 2 of the project each lasted five and six months, respectively (October
2019 to February 2020 and December 2021 to May 2022). In contrast to traditional healthcare
professional initiated testing models, the electronic patient record (EPR) system was modified to pre-
select HBV and HCV tests for any blood test orders in the ED for patients 16 years of age on an opt-out
basis, unless a positive viral hepatitis test result within the previous 6 months was available on the EPR
system. At registration and from the clinician, patients were given bilingual explanatory leaflets. There
were also posters put all over the ED. These brochures provided information on diseases, testing methods
and policies, and how to treat either infection. Additionally, patients who were eligible were explicitly
informed that viral hepatitis testing would be done prior to blood collection unless they disagreed (opted-
out). The ED personnel was frequently trained by seasoned doctors. Researchers looked at individuals'
EPRs who had tested positive for both HBsAg and HCV-Ag. If there was proof that the patient was already
receiving care and that the patient's results were in line with accepted diagnoses, no additional action
was necessary. Patients who tested positive for HCV-Ab but negative for HCV-Ag (and for whom no prior
local HCV RNA status was identified) were asked to attend their general practitioner (GP) in order to rule
out current infection. Patients who had an infection that had been verified and were still alive at the time
of assessment qualified for contact (see below). No further action was taken for individuals who had dual
infections with HIV and either HBV or HCV because there was already a connection to care pathway for
patients with HIV infection. Patients whose diagnosis was verified (successfully contacted) were classified
as "requiring linkage to care" if their disease had not been made clear (was unknown) at the time of
contact, had been made known before but not receiving care, or had recently been confirmed.
Continuous variables were described using IQR medians, or interquartile range medians. Categorical
variables were described by absolute and relative frequencies. Overall and stratified seroprevalence
estimates with their 95% confidence intervals were derived for the HCV-Ag and HBsAg tests. Prevalence
ratios (PRs) were calculated using univariable and multivariable Poisson regression models in order to
investigate factors associated with the requirement for an HCV or HBV test as well as seropositivity. For
all tests, which had a two-sided 95% Cl, the level of significance was set at p 0.05. All analyses were
performed using StataCorp LP's version 15 software.

3. RESULTS AND DISCUSSION
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235 out of 27,646 patients tested positive for HBsAg, resulting in a seroprevalence of 0.9% (95% Cl 0.8-
1.0; Table 1). With univariate testing, the following factors were significantly (p 0.001) associated with
testing positive for HBsAg: male gender (PR 1.5, 95% Cl 1.2-2.0), age between 30-49 years (PR 3.4, 95% Cl
2.2-5.3), or age between 50-69 years (PR 4.0, 95% Cl 2.5-6.3), ethnicity other than White British (PR >6.6),
and positive HIV status (PR 6.0, 95% Cl 2.9-12.8). When compared to daytime arrival, testing positive for
HBsAg was more likely to occur at night (PR 0.7, 95% Cl 0.6-1.0, p = 0.004). All of the aforementioned
elements connected to testing positive for HBsAg remained statistically significant with multivariable
analysis. Graphical representations of seropositivity by study period and age group are provided.

Table 1 Seroprevalence of Hepatitis B (HBsAg)

Positive  Seroprevalence of

Characteristics Tested HBsAg HBsAg, % (95% CI)
Tatal 27646 235 0.9(0.8-1.0)
Sex

Female 13,939 94 0.7 (0.6-0.8)

Male 13.707 141 1.0(0.9-1.2)
Age group, years

16-29 6928 23 0.3 (0.2-0.5)

30-4% G437 106 1.1{0.9-1.1)

50-69 6,851 91 1.3 (1.1-1.6)

=70 4,430 15 0.3 (0.2-0.6)
Ethnicity

White British 10.271 12 0.1(0.1-0.2)

White ather 5,223 40 0.8 (0.6-1.0)

Black/Black British 4,927 100 2.0(1.7-2.5)

Asian 1,693 34 2.0(1.4-2.8)

Mixed fother 1,859 16 0.9 (0.5-1.4)

Mot recorded 3,663 33 0.9(0.6-1.3)
Homeless

No 25490 209 0.8 (0.7-0.9)

Yes 663 10 1.5 (0.B-2.8)
ED arrival day

Weekday 20,688 180 0.9 (0.8-1.0)

Weekend 6,723 55 0.8 (0.6-1.1)
ED arrival time

Day (08:00-19:59)  1B.208 170 0.9 (0.8-1.1)

Might (20:00-07:59) 9438 65 0.7 (0.5-0.9)

36 (15%) of the 235 patients who tested positive for HBsAg did not require any additional follow-up
because local care records revealed that they were already receiving treatment at the time of testing, had
a known end-of-life diagnosis (unrelated to hepatitis B), or passed away soon after testing (Figure 1). We
were unable to confirm contact with 59 patients (30%) of the remaining 199 patients who were eligible
for contact, however 140 patients (70%) received their hepatitis B status. The 140 patients who had
successful contact had 68/140 (48%) new diagnoses, 64/140 (46%) known diagnoses, 34/64 (53%) of
whom were not engaged at the time of testing, and 8/140 (6%) patients were deemed "unknown"
because we were unable to learn whether they were aware of the diagnosis and/or receiving treatment
at the time of contact.
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Figure 1 Linkage to care in patients with positive HBsAg status

523 out of 27,657 individuals tested positive for HCV-Ab, resulting in a 1.9% (95% Cl 0.7-2.0)
seroprevalence of HCV-Ab. 261 patients out of the 457 HCV-Ab-positive results for which a reflex-HCV-Ag
test was conducted tested positive for HCV-Ag, resulting in a seroprevalence of 0.9% (95% Cl 0.8-1.0) for

chronic HCV infection (Table 2).

Table 2 Seroprevalence of Hepatitis C (HCV-Ag)

Characteristics
Sex
Female
Male
Age group, years
16-29
30-49
50-69
=70
Ethnicity
White British
White ather
Black/Black British
Asian
Mixed/other
Mot recorded
Homeless
Mo
Yes
ED arrival day
Weekday
Weekend
ED arrival time
Day (08:00-19:59)
Night (20:00-07:59)

Tested

13,993
13,664

6,964
9.464
6,803
4,426

10,247
5,234
4932
1,695
1,884
3,665

25496
668

20,875
6,782

18,200
9.457

Positive
HCV-Ag

49
212

22
142
83
14

132
53
17

17
37

139
96

194
&7

147
114

Seroprevalence
HCV-Ag, % (95% CI)

0.4(0.3-0.5)
1.6(1.4-1.8)

0.3 (0.2-0.5)
1.5(1.3-1.8)
1.2(1.0-1.5)
0.3(0.2-0.5)

1.3(1.0-1.5)
1.00.8-1.3)
0.310.2-0.5)
0.3(0.1-0.7)
0.9 (0.6-1.4)
1.000.7-1.4)

0.510.5-0.6)
14.7 (12.2-17.6)

0.9 (0.8-1.1)
1.000.8-1.3)

0.8(0.7-0.9)
1.2(0.8-1.1)

The complete connection to care cascade, which includes the NHS Find and Treat program subset
(discussed below), is shown in Figure 2. 3/251 (1.2%) of the 251 patients who tested positive for HCV-Ag
passed away before help could reach them. Of those still alive, 130/248 (52%) were successfully reached,
while 12/130 (9%) of them passed away shortly after being reached. Six patients had liver-unrelated
malignancy; four had decompensated liver disease; and two had numerous comorbidities as their cause
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of death. 99/130 (76%) of the people who eventually reached needed linkage to care (new diagnosis or
known but not engaged at time of test), while 19/130 (15%) were known and already involved. 51/99
(52%) of those who needed to be linked locally (of these, 50% had just been diagnosed), 5/99 (5%) were
pointed in the direction of alternative services since they didn't live in the area, and 41/99 (41%) declined
an appointment at the time of contact. 34/51 (66%) of the patients who were connected locally attended
more than one appointment, and 26/34 (76%) of them received successful treatment.

250 —
200 —
T 150
L
bl
c 251 248
2
i
& 100 — Attended
<2appts, 17
130 '
50 — 99
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=2 appts, 34 26
0
Total Eligible for contatct  Successfully contacted  Reguiring linkage Engaged Treated

Figure 2: Linkage to care in patients with positive HCV-Ag status

According to our understanding, this 11-month service evaluation of the ED EPR opt-out HCV and HBV
testing's real-world viability is the biggest intervention of its kind in Pakistan to date. It demonstrated the
viability of optout ED testing in a large metropolitan hospital setting and the ability to identify and link to
care a sizable proportion of active HBV and HCV infected people from marginalized populations who have
historically had limited access to healthcare. Both HBsAg and HCV-Ag seroprevalence were 0.9% in the
current study. The strata-specific findings confirm those from our earlier 6-week pilot research and
highlight the significant iliness burden in central London [18]. The demographic traits mentioned here are
consistent with those previously reported in related studies [19-21]. It is interesting that patients 50-69
years of age had a considerably greater prevalence of HCV—Ag than patients 16—49 years of age. This
brings to light a possible advantage of ED opt-out testing: it can identify elderly patients who may no
longer be using services for injecting drug users. Sadly, history of drug usage was not consistently
recorded in patients' notes, and as a result, formal analysis on this variable was not done. HCV-Ab and
HCV-Ag seroprevalence appear to be declining over time. The system avoided repeat testing within six
months of a positive result, which could be influenced by a number of factors, such as seasonal variation
in attendance patterns. Therefore, we believe that any interpretation would be conjectural. It is
interesting to note that the prevalence of HBsAg in the current study was over double that of the pilot;
the cause of this is unknown, but it may have been accidental given the pilot's smaller sample size. Since
141/235 of the study's patients (60%) who tested positive for HBsAg were men, this finding may indicate
that ED testing may be especially useful in identifying men who have HBV, as opposed to prenatal
screening, which frequently picks up HBV infections in women [22-25]. Importantly, opt-out ED testing
offers a chance to reconnect with patients who have been previously diagnosed but not connected to
care, with the latter group accounting for around a quarter of HBV and half of HCV patients in our sample
who need linkage to care.

4. CONCLUSION
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Our findings show how universal urban ED opt-out HBV and HCV testing, along with comprehensive
connection to care pathways spanning secondary, primary, and community-based services, can be
successful and sustainable. A sustainable high test uptake was achieved through the use of an EPR
supported testing approach, and our extensive linkage network, which better connected the existing
services, allowed care to be provided to traditionally underserved, at-risk groups, which would not have
been possible without a significant increase in health infrastructure.
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