Pre prints.org

Article Not peer-reviewed version

Prevalence of Hepatitis C Virus among
Hospitalized Patients in a Tertiary
Hospital in Italy: The Basis for a National
Screening Assessment Model?

Giulia Morsica ” , Massimo Locatelli, Gema Hernandez-lbarburu , Francesca Rusconi, Alba Segovia-Hilara,
Davide Di Napoli, Matteo Moro , Salvatore Mazzitelli, Hamid Hasson , Federico Esposti, Roberts Mazzuconi
, Antonella Castagna

Posted Date: 18 December 2023
doi: 10.20944/preprints202312.1217v1

Keywords: HCV; antibodies; in-hospital screening; birth cohort; prevalence

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

E E Preprints.org is a free multidiscipline platform providing preprint service that
2 is dedicated to making early versions of research outputs permanently
1



https://sciprofiles.com/profile/903183
https://sciprofiles.com/profile/2824616

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2023 doi:10.20944/preprints202312.1217.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Prevalence of Hepatitis C Virus among Hospitalized
Patients in a Tertiary Hospital in Italy: The Basis for a
National Screening Assessment Model?

Giulia Morsica 1*, Massimo Locatelli 2, Gema Hernandez-Ibarburu 3, Francesca Rusconi 3, Alba
Segovia-Hilara 3, Davide Di Napoli ¢, Matteo Moro 4, Salvatore Mazzitelli ¢, Hasson Hamid ?,
Federico Esposti 5, Roberts Mazzuconi ¢ and Antonella Castagna 16

I Infectious Diseases Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy

2 Laboratory Medicine Service, IRCCS San Raffaele Scientific Institute Milan, Italy

3 TriNetX Europe NV, Kortrijksesteenweg 214 b3, 9830 Sint-Martens-Latem, Belgium
* Infection Control, Medical Office, IRCCS San Raffaele Scientific Institute, Milan Italy
5 IRCCS, San Raffaele Scientific Institute, Milan, Italy

¢ Vita-Salute San Raffaele University, 20132 Milan, Italy

* Correspondence: morsica.giulia@hsr.it

Abstract: Background: free-of-charge HCV-antibody (HCV-Ab) screening in some key populations and in
1969-1989 birth cohorts have been funded in Italy as the first step to diagnosing individuals unaware of their
infection. The aim of this study is to use available in-hospital routine screening data to understand the
distribution of seroprevalence for HCV. Methods: a retrospective search of in-hospital patients tested for HCV-
Ab from January 2017 to the end of December 2022, was conducted according to age categories (older than 76
years, birth group 1947-1968; birth group1969-1989 and two other categories with patients younger than 33
years) using the TriNetX network. Results: of 42,805 in-hospital patients tested, 1,297 (3.03%) resulted HCV-Ab
positive. The higher prevalence of HCV-Ab was in patients older than 76 years (5.3%) while, the lowest was in
the younger birth cohort (2000-2022, 0.16%). Of 1,297 HCV-ADb positive patients, only 198 (15.3%) were tested
for the presence of HCV RNA. Although the birth cohort 1969-1989 had a lower seroprevalence (1.5%), they
represented the most affected age group with 44.4% of HCV RNA positivity. Conclusions: the in-hospital HCV
screening including birth cohort 1947-1989 could be a valuable option respect to the screening for birth group
1969-1989 in the general population. Reflex testing could facilitate linkage to care to stop the burden of HCV.
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1. Introduction

Chronic hepatitis C virus (HCV) infection is a serious public-health problem, with an estimated
global prevalence of 0.7% (0.7-0.9%), corresponding to approximately 56.8 million HCV infections
[1]. Over the past two decades, 48% of global hepatitis-related mortality is attributable to hepatitis C
virus infection [2].

The estimation of people with HCV chronic active infection in Italy consisted in 2020 of about
280,000 persons who are potentially asymptomatic, and additionally about 120,000 persons with
advanced liver fibrosis/cirrhosis with an uncured HCV infection [3]. The World Health
Organization presented the following aims regarding all hepatitis viruses by the year 2030: a 90%
reduction in incidence, a 65% reduction in mortality, a 90% rate of diagnosing chronic cases, and an
80% treatment rate of individuals with chronic hepatitis [4]. To achieve the HCV elimination goal by
2030, the general-population screening of 1948-1988 birth cohorts and of those with risk factors for
HCV infection independent of their age has been recommended in Italy [5,6]. Very recently, free-of-
charge HCV screening in some key populations and in 1969-1989 birth cohorts have been funded in
Italy as the first step to diagnosing individuals who are infected but asymptomatic
(https://www .salute.gov.it/). Preliminary data in Lombardy showed 0.5% of HCV seroprevalence
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by screening about 150.000 people in the birth group 1969-1989, representing 5% of the overall
targeted population.

Since a specific roadmap for each region, is of paramount importance to achieve the high
effectiveness of this intervention nationwide, we investigated the seroprevalence for HCV by
retrieving data obtained by in-hospital HCV screening in a tertiary hospital in Milan, Lombardy.

Our findings could be useful for supporting the regional level’s decision-making process to
define screening and possibly linkage-to-care.

2. Materials and Methods

2.1. Study Design

This study was conducted with data obtained from TriNetX, LLC (“TriNetX), a global federated
health research network that provides access to electronic medical records (EMRs) from health-care
organizations (HCOs) worldwide. HCOs leverage their EMRs data via TriNetX Platform to build
patient cohort level queries to understand patient populations and outcomes analysis. The analyses
were conducted utilizing the network “Ospedale San Raffaele”, an HCO self-network. TriNetX is
compliant with all Data Protection laws applicable to the contributing HCOs, including the EU Data
Protection Law Regulation 2016/679, the General Data Protection Regulation on the protection of
natural persons with regard to the processing of personal data. Any data displayed on the TriNetX
Platform is in aggregated form, therefore, anonymized data. TriNetX is ISO 27001:2013 certified and
maintains a robust IT security program that protects both personal data and health care data.

The retrospective cohort analysis included patients (PTs) hospitalized at Ospedale San Raffaele
between year 2017 and 2022. The positivity of HCV antibodies (HCV-Ab) was identified using the
LOINC code 16128-1 Hepatitis C Ab [Presence] in Serum within a month since hospitalization. The
positivity of HCV RNA testing was identified using the LOINC code 11259-9 Hepatitis C virus RNA
[Presence] in Serum or Plasma by nucleic acid amplification (NAA) with probe detection. The patients with
an HCV infection (identified with ICD-10-CM codes B17.1 Acute hepatitis C, B18.2 Chronic viral hepatitis
C and B19.20 Unspecified viral hepatitis C without hepatic coma, as well as with the positive HCV RNA
before the screening were excluded from the study. Sub-cohorts of PTs were created based on the
year of birth, defining the following birth control ranges: before 1947, 1947-1968, 1969-1989, 1990-2000
and 2001-2022.

The data were extracted on May 10, 2023.

Biochemistry included liver enzymes [aspartate aminotransferase, AST (normal values <35
IU/L); alanine aminotransferase, ALT (normal value <59 IU/L); gamma glutamyl transpeptidase, GGT
(normal value <68 IU/L)] platelets count (normal value 130-400 x 10%/L), alkaline phosphatase, ALP
(normal value <129 IU/L and total bilirubin (normal value <1.1mg/dL).

2.2. Statistical Analysis

All analyses were generated using TriNetX Platform. Demographics information of the cohorts
included age and sex (males and females). Continuous variables are expressed as mean values and
standard deviation, categorial data were represented as frequencies and percentages. We ran an
incidence analysis to calculate the HCV-ADb positivity among the tested PTs over the years, from 2017
to 2022. Incidence proportion calculation method in TriNetX assumes an analysis ran on EHR-data
[7]. For a given time window, the incidence proportion denominator (PTs at risk) includes the PTs of
the cohort whose fact record overlaps the time window by at least one day and whose fact record
does not contain the event of interest before the given time window. The incidence numerator
(Incident Cases) includes all those PTs who are in the denominator and whose record includes the
event of interest on a date within the time window.

3. Results
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From January 2017 to the end of December 2022, 181,869 PTs were hospitalized at the Scientific
Institute San Raffaele, Milan, Italy. During the study period, 42,868 were HCV-Ab tested. Among
these, 63 had a previous HCV infection and were excluded from the analysis.

Therefore, in total 42,805 PTs were considered for the analysis. The flowchart of the study cohort
is shown in Figure 1.

‘ HCV-Ab tested ‘

n=42,805
Before 1947 1947-1968 1969-1989 19900-2000 2001-2022
HCV-Ab tested HCV-AD tested HCV-Ab tested HCV-Ab tested HCV-Ab tested
1=10322 n=18238 n=11155 n=2.479 n=611
HCV-Ab+| |HCV-Ab-| [HCV-Ab+ HCV—Ab HCV-Ab~+ | [HOV- Ab HCV-Ab= | [Hov-ab-| [HCV-Ab+ | [HCV-AD -
n—S*; n=9,769 n= 56; nzl?_,ﬁ?S n= 168 | n=10 987’ 11—].7 n=2.467 n=1 n=610
‘ Atesled Rl\Atested RNA tested Atesled RNA lesled.

n=>5 n=92 =45 n=0
RNA+ ‘ R_\IA— RNA+ RNA+ || RNA-
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Characteristics of PTs according to birth cohort are described in Table 1.

Overall, there was a preponderance of males (52% of males vs. 48% of females). Concerning liver
enzymes, mean aspartate aminotransferase (AST) levels were found slightly increased in the study
cohort (including all birth cohorts). The other biochemical parameters were invariably within the
normal range.

Table 1. Main clinical characteristics of the study cohort including 42,805 PTs tested for the presence

of HCV-Ab.
Birth cohort

Characteristics Overall Before 1947 1947-1968 1969-89 1990-2000 2001-2022

Number 42,805 10,322 18,238 11,155 2,479 611
Age 57.8 (= 18) 78.9 (£4.7) 62.5 (+ 6.46) 40.1 (= 6.29) 25.6 (+ 3.45) 12.1 (£ 6.62)

291

Males 22,141 (52) 6,179 (60) 11,103 (61) 3,856 (35) 712 (29) ( 498)
AST levels, IU/L 50.1 (= 373) 50 (+ 324) 52.9 (+ 422) 43.4 (+219) 39.6 (+201) 56.4 (+228)
ALT levels, IU/L 443 +197 38.1 (= 158) 42.3 (+167) 49.2 (+230) 42.2 (+166) 59.7 (+ 163)
PLTSs count, x10%L 232 (+ 84.8) 218 (= 85.8) 233 (+ 85.3) 242 (+ 80.3) 239 (= 78.6) 268 (+ 119)
GGT levels, IU/L 61.6 (= 149) 58.8 (+ 124) 65.9 (= 157) 55.5 (+ 123) 36.9 (+ 65.7) 329 (x64.1)

Total bilirubin, mg/dL 0.88 (+1.69) 0912 (+1.76) 0.975(+2.02) 0.754 (+1.35) 0.638 (+ 0.601) 0.573 (+ 0.702)

ALP levels, IU/L 914 (x974) 929 (x102) 95.4 (+ 108) 78.4 (+ 74.3) 68 (£ 47.1) 176 (+ 109)

Results described by mean (standard deviation, SD) or frequency (%). Abbreviations: AST= aspartate
aminotransferase (normal values <35 IU/L); ALT= alanine aminotransferase (normal value <59 IU/L); GGT=
gamma glutamyl transpeptidase (normal value <68 IU/L); PLTs=Platelets count (normal amount 130-400 x 10%/L),
ALP=alkaline phosphatase (normal value < 129 IU/L); bilirubin (normal value <1.1mg/dL).

Among 42,805 PTs tested for the presence of HCV-Ab, 1297 (3.03%) were found HCV-Ab
positive. Overall, the incidence of seroprevalence was higher in men (3.5%) respect to women (2.67%)
and yearly incidence proportion decreased from year 2017 to 2022 in males as well as in females
(Figure 2).
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Figure 2. Incidence of HCV-AD from year 2017 to 2022 in the cohort tested for HCV-Ab overall and
according to gender (males vs. females).

2017 2018 2019 2020 2021 2022

Incident cases 335 279 261 190 184 33
Patients at risk 16,468 18,843 19,440 17,278 15,443 9,046
Overall Incid
NCIAENCe 5 030, 148%  134%  1.10%  1.19%  0.36%
proportion
Incident cases 184 159 151 115 111 20
Patients at risk 8325 9343 9671 8533 7557 4414
Males Incid
nOdence 5 019%  170%  156%  135%  147%  0.45%
proportion
Incident cases 151 120 110 75 73 13
Patients at risk 8143 9500 9769 8745 7886 4632
Females Incid
nCdence g g5 126%  1.13%  0.86%  093%  0.28%
proportion

The prevalence of an active infection assessed by HCV RNA positivity in HCV-Ab positive PTs,
according to birth cohort, are depicted in Figure 3. The prevalence of HCV-Ab decreased from older
to younger age with a higher proportion (5.1 %) in PTs older than 76 years and the lower prevalence
in birth cohort 2001-2022 (0.16%) (Figure 3). Of 1,297 PTs only 198 (15.3%) were tested for the
presence of HCV RNA.

Among HCV-Ab positive PTs, tested for HCV RNA we found 42.1% of active infection in those
older than 76 years, 32.6% in the 1947-1968 birth cohort, and 44% in the 1969-1989 birth cohort (Figure
3). In the younger age groups (birth cohort 1990-2000 and 2001-2022) the seroprevalence was very
low (0.48% and 0.16%, respectively) and only 4 PTs in the age group 1990-2000 were investigated for
the presence of HCV RNA (Figure 3).
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Figure 3. HCV-Ab prevalence (A) and proportion (B) of HCV RNA positivity by birth cohort. Data
concerning HCV RNA positivity are shown in birth groups where at least 10 PTs were tested.

Biochemical parameters of PTs with HCV-Ab positivity are described in Table 2.

Considering PTs with HCV-Ab, the sex male was prevalent (57.6%). This data was confirmed
also according to birth cohort (Table 2). Concerning liver enzymes, mean AST levels were higher than
normal values in older PTs (including PTs older than 76 years and birth cohorts 1947-1968, 1969-1989)
while ALT levels were found higher than normal values only in birth cohort 1969-89. The other
variables evaluated in different groups of PTs were within the normal range.

Table 2. Main clinical characteristics of the 1,297 patients with HCV-Ab positivity.

Characteristics Overall Before 1947 1947-68 1969-89
Number 1,297 553 563 168
Age 66.7 (+ 14.5) 79.7 (£4.9) 62.1 (+ 6.74) 42.7 (+ 6.09)
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Males 747 (57.6) 282 (51) 356 (63.2) 103 (61.3)
AST levels, IU/L 757 (+602)  80.9 (+ 826) 77 (+ 400) 57.5 (+ 117)
ALT levels, IU/L 523 (+193)  45.2 (+239) 54 (+ 149) 71.6 (+ 157)
PLTs count, 10L 196 (+91.3) 186 (+87.1) 195 (+ 89.5) 225 (+ 101)
GGT levels, IUL 703 (+123)  55.4 (+95.5) 83 (+ 138) 86.5 (+ 153)
Bilirubin, mg/dL  1.08 (+2.19)  0.994 (+2.25) 1.13 (+ 1.94) 1.26 (+2.8)
ALP levels, IUIL 947 (+87.8)  89.6 (+57.6) 97.6 (+97.7) 103 (+ 134)

*Data in birth group 1990-2000 and 2001-2022 regarding less than 10 PTs were not extracted due to privacy
policies. Results are described by mean (standard deviation, SD) or frequency (%). Abbreviations: AST=
aspartate aminotransferase (normal values <35 IU/L); ALT= alanine aminotransferase (normal value <59 IU/L);
GGT= gamma glutamyl transpeptidase (normal value <68 IU/L); PLTs=Platelets count (normal amount 130-400
x 10°/L), ALP=alkaline phosphatase (normal value < 129 IU/L and bilirubin (normal value <1.1mg/dL).

Biochemical parameters of PTs with active HCV infection are described in Table 3. There was a
preponderance of males (68%) among PTs with active HCV infection. Concerning liver enzymes,
mean AST, ALT and GGT levels were found higher than normal values (AST, about 2.5-fold the
normal levels; ALT and GGT about 2- and 1.5 -fold the normal levels, respectively). Bilirubin levels
were slightly increased. The other parameters were within the normal range.

Table 3. Characteristics of patients with active HCV infection.

Patients % of Cohort

Age 59.3 (+18.6) 77 100
Demographics Males - 52 68

Females - 25 32

AST levels, IU/L 89.8 (+185) 72 94

ALT levels, IU/L 119 (£233) 72 94
Biochemistry Alkaline phosphatase levels, IU/L 101 (+69.1) 56 73

GGT levels, IU/L 108 (+153) 61 79

Platelets count x10°/L 192 (£79.1) 76 99

Total bilirubin, mg/dL 1.15(+2.38) 66 86

Results are described by mean (standard deviation, SD) or frequency (%). Abbreviations: AST= aspartate
aminotransferase (normal values <35 IU/L); ALT= alanine aminotransferase (normal value <59 IU/L); GGT=
gamma glutamyl transpeptidase (normal value <68 IU/L); PLTs=Platelets count (normal amount 130-400 x 10°/L),
ALP=alkaline phosphatase (normal value < 129 IU/L and bilirubin (normal value <1.1mg/dL).

4. Discussion

The number of newly diagnosed hepatitis C cases reported from Countries across Europe
remains at high level with considerable variation between Country specific rate. According to a recent
systematic review an estimated 3.9 milion individuals are chronically infected with HCV in EU/EEA
Countries with national estimates of HCV prevalence ranging from 0.1 to 5.9%, and Italy has been
considered amongst Countries with the highest HCV-Ab prevalence (5.9%) according to the 2016
ECDC report [8].

As of April 1, 2021, WHO reported data indicating 1.34% seroprevalence for HCV in European
Country*, while reported data by the ECDC in 2020 indicate that HCV is an infection that
predominantly affects people aged 25-44 years that is consistent with the demographic profile of
injecting drug use, the main route of transmission reported for chronic case [9]. In Italy the reported
cases from 2016 to 2019 was invariably 0.3% with a lower rate in 2020 (0.1%) that could be the result
of a combination of changes in healthcare-seeking behaviours and testing practices during the
COVID-19 pandemic®. The finding of significant lower prevalence in our Country respect to that
reported in previous reports is likely the consequence of harm reduction programmes and, more
recently, treatment with new direct-acting antiviral drugs in Italy [8,9,11,12].
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Considering the regional distribution of HCV-Ab in Italy, it has been recently estimated that
nearly 48.000 individuals living in Lombardy are HCV-Ab positive, corresponding to a
seroprevalence of approximately 0.48% [13].

In the present study we showed that in-hospital screening including people born in the years
1947-1989 seems more effective than opportunistic screening in the general population targeted in
the birth cohort 1969-1989.

Our data showed cumulative prevalence of HCV-Ab of 3.03 % measured along 5 years, in PTs
hospitalized for other comorbidities, with a higher prevalence in older age groups, particularly in
PTs older than 76 years (5.3%) and in birth cohort 1947-68 (3.1%). The prevalence was lower in
younger PTs with 1.5% in birth group 1969-1989, that dramatically decreased in PTs younger than 33
years confirming the decreasing HCV-infection risk in younger populations in Italy, known as the
cohort effect [11,14,15]. In a previous study investigating by a mathematical model the seroprevalence
for HCV in Lombardy, the prevalence was estimated approximately 2.65% lower than what we have
found in the present study, and according to birth cohort, they found approximately 0.07 %
seroprevalence in individuals aged 51-70 years, while we found in people aged 54-75 years 3.12% of
seroprevalence that is considerably higher respect to the prevalence estimated by the mathematical
model in their report’®. Considering also older members in their cohort (aged 71-100 years) the
seroprevalence remained lower (about 0.04%) than what we found in our older age groups.

We also assessed the incidence of HCV-Ab during five 5 of observation, showing an incidence
proportion of 2.2% in year 2017 that progressively decreased during years 2018-2022, confirming that
alarge proportion of people in Lombardy have already undergone HCV testing and commenced new
efficient and safe therapies against hepatitis C. Interestingly, we observed a small wave of HCV-Ab
positivity in year 2021. It is possible that this small increase in the rate of HCV seroprevalence was
consequent to hospitalization of older PTs and/or people suffering of other comorbidities during the
COVID-19 pandemia. Hepatic manifestations are the common consequences of COVID-19 and PTs
with chronic liver diseases are at a higher risk for severe disease and death from COVID-19 [16,17].
Therefore, we hypothesized that a special vigilance was adopted during COVID-19 pandemia to
screen and treat COVID-19-associated liver injury. On the contrary, in year 2022 a significant decrease
of seroprevalence was observed (0.36%). We have not a clear explanation for this result. It could be
the consequence of a decline in testing volumes adopted in our hospital, rather than a true
epidemiological finding. Regarding biochemistry, we did not find liver enzymes altered in the initial
cohort of 42,805 PTs tested for HCV-Ab, while in the HCV-Ab positive cohort consisting of 1297 PTs,
transaminases were found abnormal in some birth cohorts. In all age groups apart those younger
than 23 years, AST levels were found abnormally high, while ALT were found altered in the birth
cohort 1969-1989. Unfortunately, information on alcohol intake that could be responsible for higher
increase of AST respect to ALT, was not available in our cohort. Liver enzymes were found within
the normal range in the younger group (birth cohort 1990-2000) where the prevalence of HCV-Ab
was very low (0.42%). Finally, altered transaminases were found in PTs with active HCV infection
indicating liver damage, despite the different reasons for the hospital admission (Table 3).

Concerning the economical costs, examples of economic analyses of HCV screening programmes
in Europe were performed on pregnant women or high-risk populations only [18-21]. So, peculiar
aspects of the national health systems, the target population and the cost per treatment in each context
should be considered in terms of low generalizability of the results.

Previous studies showed that age of the target population to be screened and prevalence were
main drivers of cost-effectiveness [22,23]. Kondily et al., showed that hepatitis C virus screening
strategies by birth cohort in the general population in Italy may have a cost of 6 bilion in direct
medical costs by 2031[24]. We identified in-hospital screening as a good option for revealing HCV
infection. However, we did not calculate the costs of such a screening.

We could hypothesize that the in-hospital screening could be cost-effective respect to
opportunistic screening in the general population, firstly because we identified a higher
seroprevalence, secondly, because differently from previous reports [25-27]in the present study were
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involved in-hospital human resurces, and HCV screening was included within biochemical routine
test.

Thus, the discussion should be re-opened as to whether the hepatitis screening should be
implemented by adding in the screening programme the group 1947-1968, and if the in-hospital
rather than opportunistic screening in the general population should be a better strategy for revealing
HCV active infection.

In conclusion, to achieve HCV elimination in Italy, broader screening strategies are required.

The HCV-Ab screening including at least birth cohort 1947-1969 could be of interest in
hospitalized PTs. Since a high proportion of PTs were not tested for HCV RNA during
hospitalization, reflex testing permitting the one-step confirmation of the HCV active infection in
individuals unaware of their infection status, should be recommended in hospital settings followed
by the immediate engagement and cure of individuals diagnosed with an active HCV infection.
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HCVAD HCV-antibody;
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EMRs electronic medical records

PTs patients;

AST aspartate aminotransferase;

ALT alanine aminotransferase;
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ALP Alkaline phosphatase;

SD standard deviation;
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