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KEYWORDS: BACKGROUND: Solid organ transplant recipients with resolved hepatitis B virus (HBV) infection are at
hepatitis B reactivation; risk for reactivation; however, most of the studies have focused on kidney transplant recipients and
hepatitis B monitoring; have short to intermediate term follow-up. Risk factors for reactivation are also uncertain, with some
lung transplant; studies suggesting surface antibody (anti-HBs) may be protective.

thoracic transplant METHODS: This retrospective single-center study aimed to assess the risk of HBV reactivation (HBVr)

in lung transplant recipients with prior HBV infection as well as the value of anti-HBs titers in pre-
dicting HBVr. Surface antigen (HBsAg) negative, core antibody (anti-hepatitis B core (HBc)) positive
adult lung and heart-lung solid organ transplant recipients from 2005 to 2019 were included. The
primary outcome was HBVr after transplant, defined as seroreversion to HBsAg positivity. The sec-
ondary outcome compared anti-HBs titers at transplant and at post-transplant month 12.

RESULTS: The cohort included 38 lung and heart-lung recipients with anti-HBc positive, HBsAg
negative pretransplant serology. Reactivation occurred in 3 of 38 (8%) at 49, 69, and 94 months post
transplant. Two (5% of cohort) subjects died as a consequence of HBVr. Two of the 3 HBVr patients
had anti-HBs titers > 10 IU/ml at transplant and 1 had anti-HBs > 100 IU/ml at time of HBV re-
activation. We did not find a statistically significant decrease in anti-HBs titers 1 year after transplant in
subjects with baseline anti-HBs > 10 IU/ml.

CONCLUSIONS: The prolonged time to reactivation highlights the lifelong risk. The 8% rate of re-
activation and 5% mortality support a preferred strategy of indefinite HBV antiviral prophylaxis over
monitoring in anti-HBc positive lung recipients.
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The worldwide burden of hepatitis B virus (HBV) in- [HBsAg] positive)." The prevalence of previous infection
fection is high. It is estimated that 3.6% of the global po- with HBV (hepatitis B core antibody [anti-HBc] positive) in
pulation is chronically infected (hepatitis B surface antigen the global population is estimated to be 21%.”
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Hepatitis B virus latently infects hepatocytes in the form
of episomal covalently-closed circular DNA.” Despite vir-
ologic control and limitation of progressive liver disease,
HBsAg loss does not represent sterilizing cure as cova-
lently-closed circular DNA in hepatocytes remains re-
plication competent. Potent immunosuppression may result
in reactivation of viral replication, seroreversion to the
HBsAg positive state, and progressive liver disease.” The
presence of hepatitis B surface antibody (anti-HBs) titers
210 IU/ml has been traditionally equated with protective
immunity and is associated with a lower probability of re-
activation after chemotherapy.”” In certain populations
such as hematopoietic stem cell transplant recipients or
people with advanced human immunodeficiency virus
(HIV) infection, anti-HBs loss has been detected at the time
of HBV reactivation (HBVr).®’

In solid organ transplant recipients, hepatitis B reactivation
has been mostly described in the kidney transplant population.”
Jeon et al reported lower reactivation rates in anti-HBc positive
patients with detectable anti-HBs (5.6% vs 1.2%).” There are
few studies examining the risk of reactivation and outcomes in
thoracic transplant recipients. The available literature focuses
largely on HBsAg positive recipients or recipients of organs
from HBsAg positive donors. '

Guidelines recommend that nonliver solid organ transplant
recipients who are HBsAg negative, anti-HBc positive be
monitored with HBsAg and HBV DNA every 3 to 6 months at
least during the first post-transplant year. However, data are
lacking to guide optimal prevention strategies and lung re-
cipients are under-represented in the literature.”

The aim of this study was to assess the risk of HBVr in anti-
HBc positive, HBsAg negative lung transplant recipients as
well as the value of anti-HBs titers in monitoring for HBVr. In
2005, the study center implemented a clinical protocol to
monitor anti-HBs titer in anti-HBc positive non-liver solid
organ transplant recipients. Anti-HBs is measured at 1-, 3-, 6-,
9-, and 12-month post-transplant, under the hypothesis that
antibody levels wane before hepatitis B reactivation occurs.
Baseline HBV DNA is not routinely requested in this popula-
tion. In those anti-HBc positive/anti-HBs negative at the time of
transplant, as well as in those anti-HBc positive who drop their
anti-HBs titers below 10 IU/ml during monitoring, HBV DNA
and HBsAg are monitored every 3 months for the first post-
transplant year. Thereafter, serologic monitoring with anti-HBs
and HBsAg is performed yearly following the first post-trans-
plant year.

Methods
Study design and outcomes

This was a retrospective cohort study of adult HBsAg negative,
anti-HBc positive lung, and heart-lung recipients who received a
transplant between 2005 and 2019 at the University of Alberta
Hospital. Outcomes data were collected to December 2022. The
study was performed in accordance with the Declaration of Helsinki
and was approved by the University of Alberta Health Research
Ethics Board (Pro00114193); need for informed consent was
waived given the study design and inclusion of deceased subjects.

The primary outcome of the study was HBVr defined as post-
transplant detection of HBsAg. The secondary outcome was
comparing anti-HBs titers at transplant and post-transplant month
12 in subjects with anti-HBs > 10 IU/ml at baseline.

Serological assessment was performed with the AxXSYM plat-
form (HBsAg V2, CoreTM, CORE-M, AUSAB, HCV V3; Abbott
Laboratories, Abbott Park, IL), it was switched over to ARCHI-
TECT PLUS i2000SR (HBsAg Qualitative, Anti-HBc II, Anti-
HBc IgM, Anti-HBs, Anti-HCV; Abbott Laboratories) in July
2011. Viral load was measured using the COBAS AmpliPrep/
COBAS TagMan HBV DNA assay (Roche Diagnostics, NJ).

Study criteria

We included adult (218 years of age) HBsAg negative lung or
heart-lung recipients with pretransplant serology positive for anti-
HBc, with or without anti-HBs, who received grafts from donors
who were HBsAg and anti-HBc negative. Hepatitis B viral load is
routinely measured in donors with risk factors for blood-borne
infections. Recipients from donors with detectable HBV DNA
were excluded from this study. We excluded subjects who died or
were lost to follow-up before the first post-transplant month. Data
collected included sex at birth, age, indication for transplant, he-
patitis C virus (HCV) coinfection, HIV coinfection, cytomegalo-
virus donor/recipient serostatus, induction immunosuppression,
follow-up time post-transplant, antirejection therapy, and devel-
opment of post-transplant lymphoproliferative disorder. The
HBV-specific data collected included anti-HBs, HBV DNA, and
HBsAg at transplant and during follow-up. Subject follow-up time
corresponded to the period between transplant and the last regis-
tered viral hepatitis serology determination.

Statistical analysis

Continuous variables were expressed as median and interquartile
range. Categorical variables were expressed as percentages. The
few cases of reactivation precluded statistical analysis; they are
presented in a descriptive manner. Log-transformed anti-HBs level
means at transplant and post-transplant month 12 were compared
using a paired Student’s #-test. Stata version 14.1 (StataCorp LLC,
College Station, TX) was used for data analysis.

Results

During the study period 675 lung/heart-lung transplants
were performed at the study center. Forty-nine subjects met
inclusion criteria, 11 were excluded due to transfer to an-
other province after transplant and lack of follow-up data at
the study center.

The characteristics of the 38 subjects included for ana-
lysis are summarized in Table I.

Median follow-up time was 14 months (interquartile range
(IQR), 11-62). The majority were double lung transplants, in
addition to 4 heart-lung recipients. Recipients receive either IL-
2 receptor antagonist or antithymocyte globulin induction based
on immunologic risk. Maintenance immunosuppression em-
ploys tacrolimus, mycophenolate mofetil, and corticosteroids.
Human immunodeficiency virus was present at transplant in 1
subject (3%) and 15 (39%) had history of HCV infection. Two
subjects (5%) received post-transplant HCV direct acting anti-
viral therapy. Two (5%) patients received post-transplant HBV
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Table 1  Baseline Characteristics
Variable n =38
Age, years (IQR) 56 (50-60)
Male sex 28 (76)
Transplant type
Double lung 33 (89%)
Heart-lung recipients 4 (11%)
Indication for transplant
COPD 12 (31%)
Pulmonary talcosis 11 (29%)
IPF 4 (11%)
PAH 2 (5%)
CHD 2 (5%)
Other 7 (19%)
Induction immunosuppression
IL2RA 28 (73%)
ATG 10 (27%)
HIV coinfection 1 (3%)
HCV coinfection 15 (39%)

Anti-HBs at transplant IU/ml (IQR)

Abbreviations: Anti-HBs, antihepatitis B surface antigen antibody;
ATG, antithymocyte globulin; CHD, congenital heart disease; COPD,
chronic obstructive pulmonary disease; DAA, direct acting antiviral;
HCV, hepatitis C virus; HIV, human immunodeficiency virus; IL2-RA,
interleukin 2 receptor antagonist; IPF, idiopathic pulmonary fibrosis;
IQR, interquartile range; PAH, pulmonary arterial hypertension; PTLD,
post-transplant lymphoproliferative disorder.

28 (10.8-131.8)

prophylaxis, 1 with continuous tenofovir disoproxil fumarate as
part of antiretroviral therapy for HIV coinfection; the other
subject received lamivudine for the first post-transplant year.
Only 1 (2%) subject developed post-transplant lymphoproli-
ferative disorder and received rituximab during follow-up.
None of the subjects received augmented immunosuppression,
such as antithymocyte globulin or high dose steroids, as treat-
ment of rejection for the duration of follow-up.

The primary outcome, detection of HBsAg, occurred in
3 (8%) subjects. Their characteristics are depicted in
Table 2. The cases were detected at 49-, 69-, and 94-month
post-transplant. All 3 had elevated liver enzymes and high
viral loads at diagnosis of HBVr.

Two (5%) of the subjects had a fatal outcome attributable to
reactivation. The first subject had HBsAg detected 49 months
after transplant when he presented with ascites. The patient
developed hepatocellular carcinoma and died from disease
progression 28 months after seroreversion was documented
despite antiviral therapy with entecavir and resolution of ascites.
This subject had a history of remote HCV infection cured years
prior to transplant. Liver elastography performed as part of an

unrelated research study 1 year prior to seroreversion docu-
mented no evidence of significant hepatic fibrosis. The second
subject had seroreversion detected 69 months after lung trans-
plant when diagnosed with jaundice, ascites, coagulopathy, and
rising ammonia. Liver biopsy was not performed given pro-
gression to multiple organ failure. Other causes of liver disease,
including viral infections, metabolic, autoimmune or toxic ex-
posures, were excluded and imaging was not suggestive of
other etiology. The subject died due to progressive liver failure
1 month after seroreversion was documented despite initiation
of antiviral therapy with entecavir at diagnosis. Death was at-
tributed to hepatitis B reactivation. The third subject was de-
tected 94 months after transplant during predialysis workup and
started on antiviral therapy with entecavir. This patient has not
had complications attributable to HBVr.

Overall adherence to serological monitoring was sub-
optimal. Subjects had a median of 3 (1-3) HBsAg de-
terminations. Reactivation events were not detected by the
monitoring protocol, but rather picked up at the time of
testing for clinical reasons or screening in the setting of
other medical diagnoses.

Two of the subjects with HBVr had anti-HBs > 10 IU/ml
at transplant. Patient 2, who presented with acute liver
failure, had anti-HBs titer of 88.8 IU/ml at transplant and
62.9 TU/ml at post-transplant month 12. His anti-HBs titer
was 3.9 IU/ml when HBVr was documented. Patient 3
detected during dialysis workup had an anti-HBs titer of
276.9 1U/at transplant, 134.7 IU/ml at post-transplant month
12, and 134.54 IU/ml when HBVr was documented. Patient
1 who developed hepatocellular carcinoma had anti-HBs
<10 IU/ml at transplant.

In the remainder of the cohort, 12 subjects had anti-HBs
at transplant > 10 IU/ml and had a follow-up determination at
month 12. Anti-HBs titers were not significantly different
between both time periods, 41.8 IU/ml (22.1-41.8) vs
46.69 IU/ml (20.2-46.6), means 1.72 log + 0.51 vs
1.58 log + 0.33, p = 0.26.

Discussion

We documented 3 cases of HBV reactivation (8%) in this co-
hort of lung transplant recipients, notably presenting beyond
I-year post-transplant with fatal outcomes in 2 of these 3.
Hepatitis B related complications accounted for 5% of deaths in
this cohort.

The role that “protective” anti-HBs titers may be playing
in these subjects is worth exploring. Two recipients had le-
vels of anti-HBs that would be considered protective at

Table 2 Characteristics of the Subjects With Hepatitis B Reactivation

Age, Anti-HBs at transplant Anti-HBs at reactivation Viral load at

years Sex Induction  UI/ml UI/ml reactivation Outcome
54 Male Daclizumab <10 <10 7.88 log Death, HCC
48 Male Daclizumab 88.8 3.93 7.8 log Death, ALF
56 Female Basiliximab 276.9 134.4 8.51 log On therapy

Abbreviations: ALF, acute liver failure; HCC, hepatocellular carcinoma.
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transplant and 1 had an anti-HBs titer > 100 IU/ml when
reactivation was documented. Our observations of “protec-
tive” anti-HBs titers at the time of reactivation casts doubt on
the hypothesis that anti-HBs levels fall to “non-protective”
levels before reactivation in the setting of immunosuppres-
sion posttransplant. A Japanese cohort of patients with
rheumatic disease receiving biologic agents reported a si-
milar phenomenon where some patients with anti-HBs levels
> 10 TU/ml had detectable fluctuating HBV DNA.'* A more
recent study on kidney transplant recipients also found in-
stances of reactivation in patients with detectable anti-HBs.'”
This is consistent with the observation that patients with
chronic hepatitis B who have coexistence of anti-HBs and
HBsAg have been found to have antibodies whose specificity
does not match the infecting viral subtype.'® Furthermore,
anti-HBs antibody titers, where measured, remained stable in
the first year post-transplant in this population. This finding
in addition to the case of reactivation with an anti-HBs titer
> 100 IU/ml suggests that following anti-HBs titers is not a
useful monitoring strategy in anti-HBc positive lung trans-
plant recipients.

Recommendations for prevention of hepatitis B reactivation
in immunosuppressed populations are guided by the incidence
of HBVr under the specific immunosuppressive agent.(“‘”‘”’m
Populations with an incidence < 1% are considered at low risk
and do not warrant prophylaxis. Universal prophylaxis is re-
commended where the incidence of HBVr is greater than 10%.
Moderate risk of reactivation is defined by an incidence of 1%
to 10%, in this category, recommendations for preventing
HBVr are heterogeneous.'” Both the American Gastro-
enterology Association (AGA) and a recent expert consensus
recommend prophylaxis over monitoring in this population.'”'®
The European Association for Study of the Liver recommends
serologic and molecular monitoring over prophylaxis (pre-
emptive therapy).'” All these recommendations are focused on
patients undergoing antineoplastic, biologic, or corticosteroid
therapy where prophylaxis is often restricted to the period of
maximal, and/or time-limited, immunosuppression. In contrast,
immunosuppression in lung recipients is profound and pro-
longed. Risk of reactivation is maintained lifelong as reflected
by the late documentation of reactivation in our study.

Transplant-specific guidelines recommend monitoring
every 3 to 6 months for at least the first post-transplant
year.'” The Kidney Disease Improving Global outcomes
Guidelines specifically recommend against antiviral pro-
phylaxis in kidney recipients and recommend monitoring
with HBsAg and HBV DNA for a minimum of 1 year.”’
Based on our study, we believe it is more appropriate to
follow the general principles established by the AGA
guidelines for immunosuppression and HBVr and favor the
administration of indefinite prophylaxis in lung recipients.®

The incidence of reactivation documented in our cohort
places lung transplant recipients in the moderate risk category.
It is worthwhile mentioning that reactivation in the literature is
not only defined by HBsAg seroreversion. A recent consensus
has defined reactivation as HBsAg seroreversion or an increase
of at least 1 log IU/ml in the viral load of subjects with un-
detectable HBsAg but detectable anti-HBc.”' Subjects in our
cohort did not have HBV DNA measured at transplant so

documentation of reactivation for the purpose of the study was
limited to those with HBsAg seroreversion. It is reasonable to
hypothesize that had HBV DNA been closely monitored we
would have documented a higher incidence of reactivation, by
consensus definition, crossing the 10% high risk threshold.
Most worrisome were the severe outcomes associated with
reactivation in our cohort. As observed in one of our cases,
acute liver failure due to hepatitis B reactivation may not be
reversible with antiviral therapy and high mortality is expected
despite therapy.”

There are several limitations to this study. Patients
transplanted at the study center and followed at other sites
were excluded. However, assuming none of the 11 excluded
subjects developed reactivation, the incidence in the cohort
would still fall in the moderate risk range. The lack of
routine HBV DNA monitoring opens the possibility of
undetected HBsAg negative reactivation. Still, the prog-
nostic relevance of HBsAg negative, HBV DNA positive
reactivation is unknown. Finally, 11 patients did not have
anti-HBs measured at transplant, limiting the inferences that
can be made regarding anti-HBs titer analysis. Although
missing data are acknowledged as a limitation, this does not
invalidate the observations as described above; it highlights
the challenges of real-world adherence to an indefinite
monitoring protocol post-transplant.

Based on the risk of reactivation observed in this study, the
lack of evidence-based surveillance protocols, the apparent lack
of predictive value of anti-HBs titers, the potentially life-
threatening nature of HBV reactivation, and the well-
documented long-term safety of HBV antivirals, we conclude
that a universal prophylaxis strategy is preferred in anti-HBc
positive, HBsAg negative lung transplant recipients. An argu-
ment can be made that both universal prophylaxis or universal
monitoring are oversimplified strategies and a more in-
dividualized approach might be preferred. Regrettably, the
ability to individualize management is limited due to the lack of
reliable predictors of adverse outcomes. Indefinite HBV anti-
viral prophylaxis in anti-HBc positive lung transplant recipients
is aligned with the recommendations of the AGA guidelines
and the more recent consensus.'®

The use of universal prophylaxis may have some caveats;
this strategy depends on available medication coverage and its
feasibility will be center dependent. It is probably worthwhile in
settings where the resource is available. In settings where
medication coverage is not available for prophylaxis, strict
adherence to indefinite monitoring with HBV DNA, HBsAg,
and liver enzymes may be reasonable.”

Conclusions

Hepatitis B reactivation among anti-HBc positive lung re-
cipients is not uncommon, occurring in 8% of subjects in
our cohort. Importantly, reactivation may occur despite
detectable anti-HBs and protective titers at transplant. This
study sheds light on the heterogeneity of HBV reactivation
and the often-assumed protective role of anti-HBs. Our
study suggests that monitoring anti-HBs levels in anti-HBc
positive recipients may not predict reactivation. Our study
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also demonstrates that hepatitis B reactivation occurs late
after transplant. Unless lifelong regular surveillance can be
assured, the rate of reactivation and lack of time-bound risk
for this potentially life-threatening complication warrants
indefinite antiviral prophylaxis.

Disclosure statement

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Declaration of Generative AI and Al-assisted
technologies in the writing process

Generative Al or Al associated technologies were not used
in the writing process of this manuscript.

References

1. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations
of worldwide prevalence of chronic hepatitis B virus infection: a
systematic review of data published between 1965 and 2013. Lancet
2015;386:1546-55.

2. Merrill RM, Hunter BD. Seroprevalence of markers for hepatitis B
viral infection. Int J Infect Dis 2011;15:e78-121.

3. Marusawa H, Uemoto S, Hijikata M, et al. Latent hepatitis B virus
infection in healthy individuals with antibodies to hepatitis B core
antigen. Hepatology 2000;31:488-95.

4. Su YC, Lin PC, Yu HC, Wu CC. Hepatitis B virus reactivation in
patients with resolved hepatitis B virus infection receiving che-
motherapy or immunosuppressive therapy. Eur J Gastroenterol
Hepatol 2018;30:925-9.

5. Jiang X, Chang L, Yan Y, Wang L. Paradoxical HBsAg and anti-HBs
coexistence among chronic HBV infections: causes and consequences.
Int J Biol Sci 2021;17:1125-37.

6. Altfeld M, Rockstroh JK, Addo M, et al. Reactivation of hepatitis B in
a long-term anti-HBs-positive patient with AIDS following lamivudine
withdrawal. J Hepatol 1998;29:306-9.

7. Onozawa M, Hashino S, Izumiyama K, et al. Progressive dis-
appearance of anti-hepatitis B surface antigen antibody and reverse
seroconversion after allogeneic hematopoietic stem cell transplantation
in patients with previous hepatitis B virus infection. Transplantation
2005;79:616-9.

8. Kim J, Chung SJ, Sinn DH, et al. Hepatitis B reactivation after kidney
transplantation in hepatitis B surface antigen-negative, core antibody-
positive recipients. J Viral Hepat 2020;27:739-46.

9. Jeon JW, Kim SM, Cho H, et al. Presence of hepatitis B surface an-
tibody in addition to hepatitis B core antibody confers protection
against hepatitis B virus infection in hepatitis B surface antigen-ne-
gative patients undergoing kidney transplantation. Transplantation
2018;102:1717-23.

10. A]varex—Lépez P, Riveiro-Barciela M, Oleas-Vega D, et al. Anti-HBc
impacts on the risk of hepatitis B reactivation but not on survival of
solid-organ transplant recipients. Medicine (Baltimore)
2020;99:19407.

11. Chen YC, Chuang MK, Chou NK, et al. Twenty-four year single-
center experience of hepatitis B virus infection in heart transplanta-
tion. Transplant Proc 2012;44:910-2.

12. Ko WJ, Chou NK, Hsu RB, et al. Hepatitis B virus infection in heart
transplant recipients in a hepatitis B endemic area. J Heart Lung
Transplant 2001;20:865-75.

13. Te H, Doucette K. Viral hepatitis: guidelines by the American Society
of Transplantation Infectious Disease Community of Practice. Clin
Transplant 2019;33:e13514.

14. Tien YC, Yen HH, Li CF, et al. Changes in hepatitis B virus surface
antibody titer and risk of hepatitis B reactivation in HBsAg-negative/
HBcAb-positive patients undergoing biologic therapy for rheumatic
diseases: a prospective cohort study. Arthritis Res Ther 2018;20:246.

15. Querido S, Weigert A, Adragdo T, et al. Risk of hepatitis B re-
activation in hepatitis B surface antigen seronegative and core anti-
body seropositive kidney transplant recipients. Transpl Infect Dis
2019;21:e13009.

16. Zhang JM, Xu Y, Wang XY, et al. Coexistence of hepatitis B surface
antigen (HBsAg) and heterologous subtype-specific antibodies to
HBsAg among patients with chronic hepatitis B virus infection. Clin
Infect Dis 2007;44:1161-9.

17. Papatheodoridis GV, Lekakis V, Voulgaris T, et al. Hepatitis B virus
reactivation associated with new classes of immunosuppressants and
immunomodulators: a systematic review, meta-analysis, and expert
opinion. J Hepatol 2022;77:1670-89.

18. Reddy KR, Beavers KL, Hammond SP, Lim JK, Falck-Ytter YT.
American Gastroenterological Association Institute guideline on the
prevention and treatment of hepatitis B virus reactivation during im-
munosuppressive drug therapy. Gastroenterology 2015;148:215-9.

19. European Association for the Study of the Liver. EASL 2017 Clinical
Practice Guidelines on the management of hepatitis B virus infection.
J Hepatol 2017;67:370-98.

20. Chadban SJ, Ahn C, Axelrod DA, et al. KDIGO clinical practice
guideline on the evaluation and management of candidates for
kidney transplantation. Transplantation 2020;104(4S1 Suppl
1):S11-103.

21. Raimondo G, Locarnini S, Pollicino T, Levrero M, Zoulim F, Lok AS.
Update of the statements on biology and clinical impact of occult
hepatitis B virus infection. J Hepatol 2019;71:397-408.

22. Garg H, Sarin SK, Kumar M, Garg V, Sharma BC, Kumar A.
Tenofovir improves the outcome in patients with spontaneous re-
activation of hepatitis B presenting as acute-on-chronic liver failure.
Hepatology 2011;53:774-80.

23. Alpern JD, Joo H, Link B, et al. Trends in Pricing and Out-of-Pocket
Spending on Entecavir Among Commercially Insured Patients, 2014-
2018. JAMA Netw Open 2022;5:e2144521.



	Hepatitis B virus reactivation in hepatitis B core antibody positive lung transplant recipients
	Methods
	Study design and outcomes
	Study criteria
	Statistical analysis

	Results
	Discussion
	Conclusions
	Disclosure statement
	Declaration of Generative AI and AI-assisted technologies in the writing process
	References




