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Hepatitis B virus (HBV) infection is a global public health concern with a high burden in the African
region. Assessing trends in HBV infection over time can provide insights into the effectiveness of
prevention/treatment strategies in different settings. Herein, we investigate trends in active HBV
infection and associated risk factors among blood donor candidates from Luanda, Angola. This was
aretrospective study conducted with 96,654 medical records of blood donors consulted between
2018 and 2022 at the Angolan National Blood Institute. Participants were screened for hepatitis B
surface antigen (HBsAg). Chi-square, Prevalence Ratio, and logistic regression were used to analyse
interactions between demographic variables and were deemed significant when p <0.05. Active HBV
infection was 10% (95% Cl: 9.4-10.6). Men (AOR: 1.38, p<0.001), employed (AOR: 3.25, p<0.001)
and non-urbanised regions (AOR: 1.16, p=0.019), were more likely to contract the HBV, while aged
30 years or older (AOR: 0.78, p<0.001) and married (AOR: 0.66, p<0.001), were less likely to contract
the infection. From 2018 to 2022, HBV infections increased from 18.2 to 21.9%. Infections increased
in under 30 years (31.3-52.5%, p<0.001), males (91.1 to 91.8%, p=0.149), urbanised regions (2.7 to
3.3%, p=0.538), and unmarried (93.9 to 95.8%, p=0.019). We revealed a highly active HBV infection
over the past 5 years in the adult population of Luanda, Angola. Age, gender, occupation, place of
residence and marital status have influenced the dissemination of HBV in Angola. Our findings may
facilitate the planning and evaluation of the HBV control program in Angola.
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Hepatitis B virus (HBV) is a liver-targeting viral infection that can lead to acute or chronic conditions. Globally,
around 296 million people are living with HBV, and the burden disproportionately affects sub-Saharan Africa!.
According to the World Health Organization (WHO), the burden of HBV infection is highest in the African
Region, where 65 million people are chronically infected?. HBV endemicity levels based on hepatitis B surface
antigen (HBsAg) prevalence were defined as low (<2%), intermediate (2-7.99%) and high (>8%)>. In Angola,
the prevalence has varied from 7.5 to 25.7% indicating intermediate to high prevalence*=®. Several studies
have shown that socioeconomic conditions, place of residence, level of education, accessibility to medical care,
awareness and health programs, have served as a drive for the unprecedented increase of HBV infections in
Africal®.

Currently, there is limited published data on HBV seroprevalence among the general population of Angola.
Furthermore, the existing published data have small sample sizes, which makes it difficult to assess in detail
the potential determinants or patterns of sexual behaviour that enhance HBV transmission in different regions
of Angola. To the best of our knowledge, this is the first study that uses a large dataset to provide insight into
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the evolution of HBV cases over time as well as the putative demographic determinants related to infection in
Angola. In this study, we investigated trends in HBV seroprevalence and risk factors associated with infections in
the last 5 years (2018-2022) among blood donor candidates from Luanda, the capital city of Angola. The findings
of this study provide insights into transmission patterns and evidence for future research on local interventions
to control the dissemination of HBV in Angola.

Materials and methods
Study design and setting
This was a retrospective study conducted with the clinical record of 96,654 blood donor candidates consulted
between 2018 and 2022 at the National Blood Transfusion Service in Angola, located in Luanda, the capital
city of Angola. The years 2018-2022 were selected for analysis because they represent a period with more
complete data on HBV seroprevalence at the National Blood Institute in Angola. During this period, significant
improvements were made to data collection and reporting systems, which allowed for more accurate and
comprehensive analysis. The study was carried out under the responsibility of the Angolan Health Research
Center (CISA)|National Institute for Health Research (INIS). The CISA|INIS is an Angolan-specialized regional
research and development institution supervised by the Angolan Ministry of Health (MoH) that promotes
Health Research, whose main objective is to generate, develop and disseminate scientific, technological, and
strategic knowledge about health and its determinants, for strengthening public health policies and improving
the national health system in Angola. The study was conducted following Helsinki’s declaration. The study
protocol received ethical approval by the National Blood Transfusion Service in Angola (nr.428/GDG/INS/2024,
approved on March 7th, 2024). The need for informed consent to participate was waived by an Institutional
Review Board (IRB), the clinical and pedagogical direction of the National Blood Transfusion Service in Angola,
however, all data collected from medical records were anonymized to safeguard the identity of blood donors.
Data, sample collection, and laboratory procedure. A questionnaire initiated for this study was used to collect
sociodemographic data such as age, gender, occupation, area of residence, marital status, and the year of blood
donation. In addition, the HBV test results of all candidates, screened for the presence of anti-HBsAg (Abbott,
USA) using the ARCHITECT Plus i2000SR (Abbott, USA), were collected.

Statistical analysis

The collected data was analyzed using SPSS v29 (IBM SPSS Statistics, UAS). Descriptive analyses are presented
as frequencies and percentages. Quantitative data that followed a normal distribution, the mean and standard
deviation (SD) were reported. Furthermore, the differences in means between groups were calculated with an
independent-sample t-test or analysis of variance (ANOVA), as appropriate. To investigate interactions between
qualitative variables, the Chi-square was utilized. Furthermore, after examining the frequencies and distributions
of qualitative variables, we estimated prevalence ratios (PRs) and their corresponding 95% confidence intervals
(CIs) using a generalised linear model (GLM) with a Poisson distribution. Additionally, an adjusted odds
ratio (AOR) along with 95% confidence intervals (CIs) was calculated through multivariate logistic regression
analysis. Throughout the study, two-tailed p-values were reported, and statistical significance was determined
when p<0.05.

Results
Demographic characteristics and risk factors related to active HBV infection
The demographic characterisation of the participants and the putative features related to active HBV infection
using HBsAg are presented in Table 1. A total of 96,654 blood donor candidates were enrolled in the present
study. The age of the candidates ranged from 18 to 65 years old, with a mean of 34.0 + 8.69 years old. Blood donor
candidates aged between 30 and 40 years old (43%, 41604/96654), male (89.7%, 86734/96654), employed in either
the public or private sector (76.5%, 73961/96654), living in the non-urbanized region (96.6%, 93390/96654),
and unmarried (92.8%, 89695/96654), were the most predominant. A total of 9668/96,654 (10.0%; 95% CI: 9.4
- 10.6%) of the blood donors candidates were reactive to HBsAg biomarker. The mean age of HBsAg reactive
candidates was significantly lower (32.7 + 8.08 years old) compared to non-reactive donors (34.2 + 8.74 years
old), with a difference of 1.42 years (p<0.001). Individuals aged 18-30 years (11.4%, 3907/34253) and 30-40
years (10.1%, 4196/41604) had the highest positivity rates of HBsAg positivity. According to a generalized linear
model with a Poisson distribution, they were 1.52 times (95% CI: 1.43-1.60, p <0.001) and 1.34 times (95% CI:
1.27-1.42, p<0.001) more likely to be infected, respectively, compared to individuals over 40 years old. Men had
a higher positivity rate (10.3%, 8914/86734) and were 1.35 times (95% CI: 1.26-1.45, p<0.001) more likely to
contract the infection compared to women. Similarly, employed candidates (10.1%, 7438/73961) and students
(12.5%, 1988/15957) had an increased likelihood of infection, with prevalence ratios of 2.8 (95% CI: 2.47-3.17,
p<0.001) and 3.47 (95% CI: 3.04-3.95, p <0.001), respectively. Individuals from non-urbanized regions (10.1%,
9391/93390) had a higher positivity rate and were 1.19 times (95% CI: 1.06-1.33, p=0.004) more likely to
contract the infection compared to those from urban areas. Unmarried individuals (10.3%, 9207/89695) had
higher infection rates, whereas married individuals were 0.65 times (95% CI: 0.59-0.71, p <0.001) less likely to
contract the infection. The proportion of blood donation candidates increased from 17% (16391/96654) in 2018
t0 23.8% (22993/96654) in 2022. The prevalence of active HBV infection during this period ranged from 9.2 to
10.7%. Additionally, candidates selected between 2018 and 2021 had a higher likelihood, with prevalence ratios
values between 1.07 and 1.17 (95% CI: 1.01-1.24, p <0.05).

Multivariate analysis revealed that men [AOR: 1.38 (95% CI: 1.28-1.50), p<0.001], employed [AOR: 3.25
(95% CI: 2.86-3.71), p<0.001] and those living in non-urbanised regions [AOR: 1.16 (95% CI: 1.03-1.32),
p=0.019], were more likely to contract HBV infection. In contrast, individuals aged 30 years or older [AOR: 0.78
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Active Hepatitis B Virus infection (HBsAg) Prevalence ratio (PR)

Independent variables | N (%) Non-reactive (%; 95% CI) | Reactive (%; 95% CI) | P-value | PR (95% CI) P-value
Overall 96,654 (100) | 86,986 (90.0; 89.8-90.2) 9668 (10.0; 9.4-10.6)
Age (years), Mean + SD | 34.0 + 8.69 342+8.74 32.7 £8.08 <0.001

Age distribution

18-29 yrs 34,253 (35.4) | 30,346 (88.6; 88.2-89.0) 3907 (11.4; 10.4-12.4) | <0.001 | 1.52 (1.43-1.60) | <0.001
30-40 yrs 41,604 (43.0) | 37,408 (89.9;89.6-90.2) | 4196 (10.1;9.19-11.0) 134 (1.27-1.42) | <0.001
>40 yrs 20,797 (21.5) | 19,232 (92.5; 92.1-92.9) 1565 (7.50; 6.2-8.8) 1.00

Gender

Female 9920 (10.3) 9166 (92.4; 91.9-92.9) 754 (7.60; 5.71-9.49) | <0.001 | 1.00

Male 86,734 (89.7) | 77,820 (89.7; 89.5-89.9) 8914 (10.3; 9.67-10.9) 1.35(1.26-1.45) | <0.001
Occupation

Unemployed 6736 (7.0) 6494 (96.4; 96.0-96.9) 242 (3.6; 1.25-5.95) | <0.001 | 1.00

Employed 73,961 (76.5) | 66,523 (89.9;89.7-90.1) | 7438 (10.1; 9.42-10.8) 2.80 (2.47-3.17) | <0.001
Student 15,957 (16.5) | 13,969 (87.5; 87.0-88.1) 1988 (12.5; 11.1-14.0) 3.47 (3.04-3.95) | <0.001
Residence

Non-urbanized 93,390 (96.6) | 83,999 (89.9; 89.7-90.1) | 9391 (10.1;9.49-10.7) | 0.003 | 1.19 (1.06-1.33) | 0.004
Urbanized 3264 (3.4) 2987 (91.5; 90.5-92.5) 277 (8.5; 5.22-11.8) 1.00
Marital status

Unmarried 89,695 (92.8) | 80,488 (89.7; 89.5-89.9) | 9207 (10.3; 9.68-10.9) | <0.001 | 1.00

Married 6959 (7.2) 6498 (93.4; 92.8-94.0) 461 (6.6; 4.33-8.87) 0.65 (0.59-0.71) | <0.001
Year of diagnosis

2018 16,391 (17.0) | 14,629 (89.3; 88.8-89.8) | 1762 (10.7; 9.26-12.1) | <0.001 | 1.17 (1.10-1.24) | <0.001
2019 16,356 (16.9) | 14,732 (90.1; 89.6-90.6) 1624 (9.9; 8.45-11.4) 1.08 (1.02-1.15) 0.014
2020 18,722 (19.4) | 16,884 (90.2; 89.8-90.7) 1838 (9.8; 8.44-11.2) 1.07 (1.01-1.13) 0.029
2021 22,192 (23.0) | 19,861 (89.5; 89.1-89.9) 2331 (10.5;9.26-11.7) 1.14 (1.08-1.21) | <0.001
2022 22,993 (23.8) | 20,880 (90.8; 90.4-91.2) 2113 (9.2;7.97-10.4) 1.00

Table 1. Demographic characteristics related to hepatitis B virus infection among blood donor candidates

in Luanda, Angola. Bold number means that the results were statistically significant for the Che-square test,
Independent-samples t-test or Prevalence Ratio calculated through the generalized linear model (GLM) with a
Poisson distribution (p <0.05).

(95% CI: 0.75-0.82), p<0.001], married [AOR: 0.66 (95% CI: 0.60-0.73), p<0.001] and candidates screened
between 2020 and 2022 [AOR: 0.93 (95% CI: 0.89-0.97), p=0.002], had a lower likelihood to contract the
infection (Fig. 1).

Trends in active hepatitis B virus infection and associated factors between 2018 and 2022

The result of the trend of active HBV infection cases in the adult population in Luanda is shown in Table 2.
Opverall, the cases of active HBV infection increased from 18.2% (1762/9668) to 21.9% (2113/9668). The average
age of infected individuals has significantly decreased from 34.3 + 7.82 years in 2018 to 30.7 + 8.17 years in 2022
(p<0.001). The active HBV Infections increased from 31.3% in 2018 to 52.5% in 2022, in individuals under
30 years old, while decreases were observed in the same periods for individuals between 30 and 40 years old
(49.5-35.0%) or individuals over 40 years old (19.1-12.5%) (p <0.001). Regarding gender, despite no statistical
significance, we observed a slight reduction in the infection rate in females from 8.9% in 2018 to 8.2% in 2022,
while an increase was observed in males (91.1-91.8%), in the same period (p=0.149). Increases in active HBV
infection rates were also observed in students (21.3-22.1%), while employed (76.7-76.3%) or unemployed
(2.0-1.6%) individuals showed a decrease between 2018 and 2022 (p <0.001). Increases in active HBV infection
rates were also observed in individuals from urbanized regions (2.7-3.3%), while a decrease was observed in
individuals from non-urbanized areas (97.3-96.7%) between 2018 and 2022, although no statistical significance
was observed (p=0.538). Regarding marital status, an increase in infection cases was observed in unmarried
individuals (93.9-95.8%), while a decrease was observed in married individuals (6.1-4.2%) from 2018 to 2022
(p=0.019).

Discussion

HBYV infection is a very large burden in all sub-Saharan African regions®. The present study revealed a
significantly high active HBV infection of 10% (95% CI: 9.4 —10.6%) in the adult population of Luanda, the
capital city of Angola. We show that in the last 5 years (2018-2022), the active HBV infection was high (>8%),
ranging from 9.2 to 10.7%. It is worth mentioning that regions with high HBV endemicity have been associated
with high mortality rates from primary liver cancer, since chronic HBV infection is responsible for 40% of the
global burden of hepatocellular carcinoma (HCC), with a high fatality rate'!. Indeed, our research team recently
identified that approximately 80% of HBsAg-positive individuals in Luanda, Angola, had chronic liver disease,
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<30yo vs >=30yo =

[AOR: 0.78 (95% CI: 0.75 - 0.82), p<0.001]
Female vs Male ——

[AOR: 1.38 (95% CI: 1.28 - 1.50), p<0.001]
Unemployed vs Employed ———
[AOR: 3.25 (95% CI: 2.86 - 3.71), p<0.001]
Urbanized vs Non-urbanized -
[AOR: 1.16 (95% CI: 1.03 - 1.32), p=0.019]

Ummarried vs Married -
[AOR: 0.66 (95% CI: 0.60 - 0.73), p<0.001]

2018-2019 vs 2020-2022 -
[AOR: 0.93 (95% CI: 0.89 - 0.97), p=0.002]

Independent variables

.0 1.0 2.0 3.0 4.0
AOR with 95% CI to HBV positivity using HBsAg

Fig. 1. Forest plot of multivariate analyses to estimate the risk of hepatitis B virus positivity using the HBsAg
biomarker in 96,654 adult blood donor candidates from Luanda, Angola. AOR - Adjusted Odds Ratio.

Years of active HBV infection diagnosis (2018-2022)

Independent variables | N (%) 2018 (%) 2019 (%) 2020 (%) 2021 (%) 2022 (%) P-value
Overall 9668 (100) | 1762 (18.2) | 1624 (16.8) | 1838 (19.0) | 2331 (24.1) | 2113 (21.9)

Age (years), Mean + SD | 32.7 +8.08 | 34.3+7.82 | 33.5+7.69 | 34.7+7.63 | 31.4+8.13 | 30.7+8.17 | <0.001
Age distribution

18-29 yrs 3907 (40.4) | 552(31.3) | 573(35.3) | 525(28.6) | 1148 (49.2) | 1109 (52.5) | <0.001
30-40 yrs 4196 (43.4) | 873(49.5) | 774(47.7) | 937 (51.0) | 872(37.4) | 740 (35.0)

>40 yrs 1565 (16.2) | 337(19.1) | 277(17.1) | 376(20.5) | 311(13.3) | 264 (12.5)
Gender

Female 754 (7.8) 156 (8.9) 130 (8.0) 133(7.2) 161 (6.9) 174 (8.2) 0.149
Male 8914 (92.2) | 1606 (91.1) | 1494 (92.0) | 1705 (92.8) | 2170 (93.1) | 1939 (91.8)
Occupation

Unemployed 242 (2.5) 35(2.0) 52(3.2) 39(2.1) 82(3.5) 34 (1.6) | <0.001
Employed 7438 (76.9) | 1351 (76.7) | 1261 (77.6) | 1486 (80.8) | 1727 (74.1) | 1613 (76.3)

Student 1988 (20.6) | 376 (21.3) | 311(19.2) | 313 (17.0) | 522 (22.4) | 466 (22.1)
Residence

Non-urbanized 9391 (97.1) | 1714 (97.3) | 1586 (97.7) | 1786 (97.2) | 2261 (97.0) | 2044 (96.7) 0.538
Urbanized 277 (2.9) 48 (2.7) 38 (2.3) 52 (2.8) 70 (3.0) 69 (3.3)
Marital status

Unmarried 9207 (95.2) | 1655 (93.9) | 1537 (94.6) | 1763 (95.9) | 2228 (95.6) | 2024 (95.8) 0.019
Married 461 (4.8) 107 (6.1) 87 (5.4) 75 (4.1) 103 (4.4) 89 (4.2)

Table 2. Trends over time (2018-2022) in active hepatitis B virus infection and associated factors among
blood donor candidates from Luanda, Angola. Bold number means that the results were statistically significant
for the Che-square or One-way ANOVA (p <0.05).

while 20% had acute liver disease, based on the AST/ALT ratio, indicating that individuals up to 40 years old
(OR: 1.97), women (OR: 1.61), living in non-urbanized areas (OR: 1.69), with low educational level (OR: 1.64),
and unemployed (OR: 1.81) were more likely to develop chronic liver disease!2. These findings showed that
authorities should consider including nucleic acid testing (NAT) to ensure the identification of occult infections,
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as well as provide an assessment of liver function in HBV-infected individuals, whether in the acute or chronic
phase.

In the present study, active HBV infection is associated with certain sociodemographic and behavioural
determinants such as age, gender, occupation, residence and marital status, that elucidate the multifaceted
impact of sociodemographic and behavioural determinants on HBV infection risk, underscoring the necessity
for targeted public health interventions in Angola. Indeed, the multivariate logistic regression model applied in
the studied population revealed that men, employees and non-urbanized areas are more likely to test positive
for HBsAg, while adult individuals aged 30 or over, and married were less likely compared to their counterparts.

The trend of active HBV infection over time in the capital of Angola increased from 16.8% in 2018 to 21.9%,
equivalent to a rise of 5.1%. These results could jeopardize the WHO’s goal of eliminating viral hepatitis as a public
health problem by 2030 !. The interactions between different sociodemographic and behavioural characteristics
with susceptibility to HBV infections over the years remain poorly understood in Angola. According to our
findings, the increase in active HBV infection in the Angolan population has been driven by the youngest
individuals aged up to 30 years old, male, employed/student, resident in urbanised areas, and unmarried.

Younger individuals under 30 years old had a prevalence ratio of 1.52 times more likely to acquire HBV
infection, with a prevalence of around 10.4 —12.4%, which may be attributed to potential gaps in vaccination
coverage or behavioural factors. As reported in other studies, in the age group up to 30 years, the most prominent
presumptive source of HBV infection is sexual because it is a sexually active age'®. However, future studies
investigating the proportion of presumptive sources of HBV infection according to age should be carried out
in Angola. Previous studies have indicated that prevalence rates in younger individuals in sub-Saharan African
countries are up to 12% and are more pronounced among men?, which is consistent with our results, where a
prevalence of 11.4% (95% CI: 10.4-12.4%) was observed in the young population aged 18-29 years, and the male
gender is also predominant. From 1990 to 2005, there was an overall decrease in HBsAg prevalence in younger
age groups globally, which might be closely related to widespread immunisation against HBV'4. However, the
increase in seroprevalence in the youngest Angolan population from 31.3% in 2018 to 52.5% in 2022 suggests
a failure of immunisation measures against HBV in the younger population requesting urgent public health
intervention in this risk group.

We revealed a remarkably increasing HBV positivity rate between 2018 and 2022 among males, although no
statistical significance was observed (p=0.149). Studies conducted with blood donors in Malaysia'®, Brazil'6,
and China'” have also shown that male was associated with HBsAg seropositivity. Other studies conducted in
Angola have also shown an increase in the prevalence and risk of sexually transmitted infections (STIs) such as
HIV, HCV and Syphilis in the male population living in the capital of Angola”!®!°, pointing to men as the main
source of the spread STIs. It is worth mentioning that unhygienic tattoos, piercings, high-risk sexual activities,
and alcohol consumption are common practices among young men aged up to 30 years in Luanda. Therefore,
conducting studies on the association between lifestyle or occupational risks and HBV could ensure control of
the spread of HBV and related diseases in Angola.

The profile of infected individuals differed significantly according to place of residence, with non-urbanized
areas being the most affected, with 10.1% prevalence and a prevalence ratio of 1.19 times (95% CI: 1.06-1.33,
p=0.004) more likely to be infected. Other studies have also reported that those living in non-urbanized areas
had a higher risk of being HBsAg positive'®. Differences in access to information about health services and
prevention information, lifestyle, educational level, income, and other socioeconomic status of the population
living in non-urbanized areas could help explain the increased prevalence as well as the high risk of HBV in these
regions. Therefore, these findings emphasized that national strategies to prevent HBV infection should consider
regional differences and demographic/socioeconomic status.

Interestingly, individuals with employment or some monthly income were 2.8 times more likely to contract
HBYV infection, suggesting that individuals with monthly income or financial power tend to have more than
one sexual partner and engage in risky sexual practices which promote the dissemination of infectious agents.
The number of sexual partners and its relationship with viral hepatitis was not assessed in the present study and
deserves further investigation. Contrary results were observed in a study conducted with blood donors from
Somalia, which found that unemployed blood donors (AOR=3.78, 95% CI: 1.17-12.2), were more likely to
become infected with HBV?°. On the other hand, and as expected, married individuals were 0.62 times less likely
to acquire HBV infections. These results may reflect the involvement of unmarried individuals with casual sexual
partners and low use of protective measures during sexual encounters. Different results were observed in studies
conducted in Pakistan, which showed that being married was significantly associated with HBV infection?!,
which can be explained by the shared use of common materials or equipment by the couple during family life,
such as sharing personal hygiene items.

Some limitations should be considered in our study. The population of blood donor candidates may not
represent the general population of Luanda, as well as the entire population of Angola. Our questionnaire
included limited sociodemographic data to investigate risk factors for active HBV infection. We did not
include important demographic determinants known to play a crucial role in the spread of viral hepatitis, such
as sharing personal hygiene items, medical procedure history, practices associated with drug use, and sexual
risk behaviours. Therefore, it is recommended that further studies be conducted to obtain more estimates of
HBYV infection considering questions that will examine a broader set of determinants related to STIs. Previous
studies have also documented that HBV genotype might influence local epidemiology, due to variations in
spatial distributions and genotype-specific determinants that affect its transmission potential. Therefore, further
studies should investigate HBV genotypes as well as their impact on the increase in active HBV infection cases in
Angola. It is also worth mentioning that the HBsAg used in the present study does not detect past infections and/
or antibodies resulting from vaccination, suggesting that studies using other markers such as HBcAb (to identify
exposure) and HBsAb (to detect immunity) should be performed including individuals HBsAg negative so that
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we can get a better picture of the HBV seroprevalence in Angola. Despite the weaknesses, our results highlight
the growth of active HBV infections in the young Angolan population, which could serve to better understand
the socioeconomic impact of STIs, evaluate the success of the HBV vaccination program and ensure targeted
intervention in vulnerable populations to prevent new infections in Angola.

Conclusion

In conclusion, we revealed a high active HBV infection (10%) over the past 5 years in the adult population of
Luanda, the capital city of Angola. Our findings highlight important epidemiological determinants associated
with active HBV infection in the adult population. These findings might contribute to the updating and
strengthening of ongoing intervention programs, emphasizing awareness raising for the adoption of safe
sexual practices in high-risk populations. Further epidemiological and molecular studies are needed to provide
national HBV infection prevalence data to estimate the disease burden and guide public health and vaccination
policymakers in Angola.

Data availability
Data is provided within the manuscript. The data supporting this study’s findings are available on request from
the corresponding author.
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