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ABSTRACT

Purpose: To explore the association between T. gondii and autoimmune rheumatic diseases (ARDs).
Methods: This study involved 82 patients with ARDs: 44 rheumatoid arthritis (RA), 28 systemic lupus
erythematosus (SLE), and 10 systemic sclerosis (SSc) and 61 age- and sex-matched controls. Sociode-
mographic, clinical, and laboratory data were collected, and disease activity was assessed. Exposure to
toxoplasmosis risk factors was investigated. Serological tests for anti-Toxoplasma IgM and IgG antibodies
were assessed using ELISA.

Results: In SLE patients, a significant difference of T. gondii IgM versus controls was detected (P=.03).
In RA and SLE patients, T. gondii IgG showed a significant difference versus controls (34 (77.3%) P=.001
and 18 (64.3%) P=.03, respectively). There was no significant difference in SSc versus controls. Fetal
congenital anomalies displayed a significant difference in IgM seropositive compared to seronegative
patients (P=.04). Cat exposure showed a significant difference between IgM and IgG seropositive versus
seronegative patients (12 (80.0%) P=.02 and 34 (59.6) P=.04, respectively). There was no significant dif-
ference in seropositive patients regarding history of abortion, neuro-psychiatric manifestations, disease
activity parameters (ESR, CRP), or different regimens of medications.

Conclusion: Toxoplasma IgM seropositivity is associated with SLE patients. T. gondii IgG seropositivity is
associated with both RA and SLE patients. However, Toxoplasma seropositivity had no association with SSc
patients. An association between fetal congenital anomalies and IgM seropositivity was demonstrated.
A linkage between cat exposure as a risk factor and toxoplasmosis was suggested among ARD patiants.
Exploration of impact of toxoplasmosis on ARDs is a necessity through randomized controlled trials.

© 2023 Published by Elsevier Espafia, S.L.U.

Asociacion entre toxoplasmosis y enfermedades reumaticas autoinmunes en
pacientes egipcios

RESUMEN

Propésito: Explorarlaasociacién entre Toxoplasma gondiiy enfermedades reumaticas autoinmunes (ERA).
Meétodos: Este estudio involucré a 82 pacientes con ERA: 44 con artritis reumatoide (AR), 28 con lupus
eritematoso sistémico (LES) y 10 con esclerosis sistémica (SSc); y 61 controles emparejados por edad y
sexo. Se recopilaron datos sociodemograficos, clinicos y de laboratorio, y se evalud la actividad de la
enfermedad. Se indagd exposicién a factores de riesgode toxoplasmosis. Las pruebas serolégicas de
anticuerpos IgM e IgG antitoxoplasma se evaluaron mediante ELISA.
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Resultados: En pacientes con LES se detecté una diferencia significativa de T. gondii IgM vs. controles
(p = 0,03). En pacientes con AR y LES, T. gondii IgG mostr6 una diferencia significativa frente a los con-
troles (34 [77,3%] p = 0,001 y 18 [64,3%] p = 0,03, respectivamente). No hay diferencia significativa en
SSc vs. controles. Las anomalias congénitas fetales mostraron una diferencia significativa en los pacientes
seropositivos para IgM en comparacién con los pacientes seronegativos (p = 0,04). La exposicién a los
gatos mostré una diferencia significativa entre los pacientes seropositivos para IgM e IgG frente a
los seronegativos (12 [80%] p = 0,02 y 34 [59,6] p = 0,04, respectivamente). No hubo diferencias significati-
vas en pacientes seropositivos con respecto a antecedentes de aborto, manifestaciones neuropsiquiatricas,
parametros de actividad de la enfermedad (ESR, CRP) o diferentes regimenes de medicamentos.

Conclusion: La seropositividad a toxoplasma IgM se asocia con pacientes con LES. La seropositividad de
IgG frente a T. gondii se asocia tanto con pacientes con AR como con LES. Sin embargo, la seropositividad
a toxoplasma no tuvo asociacién con pacientes con SSc. Se demostré una asociacién entre anomalias
congénitas fetales y seropositividad a IgM. Se sugiri6 un vinculo entre la exposicién a los gatos como factor
de riesgo y la toxoplasmosis entre los pacientes con ERA. La exploracién del impacto de la toxoplasmosis

en las ERA es una necesidad a través de ensayos controlados aleatorios.

© 2023 Publicado por Elsevier Espaiia, S.L.U.

Introduction

Autoimmune rheumatic diseases (ARDs) are multisystem
chronic diseases associated with a high rate of morbidity and mor-
tality in both developed and developing countries. ARDs include a
wide disease spectrum: rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), and systemic sclerosis (SSc). RA involves
chronic synovial joint inflammation, which may proceed to severe
disability.!2 SLE exhibits a relapsing and remittent clinical course
with very heterogeneous clinical picture, associated with multi-
organ involvement.? On the other hand, SSc is characterized by
excessive fibrosis, vascular injuries, and immune disturbances.*
Geo-epidemiological studies implied that host genetic suscepti-
bility and environmental factors, including socioeconomic status,
dietary habits, environmental pollutants, ultraviolet radiation
exposure, and infections act as potential risks or protective factors
in the susceptibility to ARDs.”

Toxoplasma gondii (T. gondii) is an obligate intracellular proto-
zoan that is claimed to be associated with autoimmunity. In both
developed and developing countries, one-third of the populations
are infected with T. gondii.® It has a complex life cycle where cats
and other felines represent the definitive host. The oocysts excreted
in cat stool spread to the environment and cause infection of a
very wide range of mammals and birds. During the acute stage, the
parasite can invade almost all types of nucleated cells and multi-
plies rapidly as tachyzoites, while in the chronic stage, it targets the
brain and the muscles and multiplies as bradyzoites inside true tis-
sue cysts. Toxoplasmosis outcome is related to the immune status
in humans: in immunocompetent individuals, T. gondii infection is
usually asymptomatic and is mostly followed by a latent infection.”
Latent toxoplasmosis refers to the chronic form of asymptomatic
toxoplasmosis which constitutes most cases, while serious disease
occurs in infants and immunocompromised patients. In addition,
reactivation of latent toxoplasmosis frequently occurs in immuno-
compromised patients and results in uncontrolled proliferation of
the parasite.®

Infection may contribute to the development of ARDs through
molecular mimicry and epitope spreading. While molecular
mimicry includes cross-reaction between the host tissue and
the pathogen, epitope spreading results in activation of antigen-
presenting cells by the pathogen leading to an enhanced local
presentation of self-antigens that causes T cell activation.? Prandota
and colleagues'® reviewed the association between late chronic
toxoplasmosis and ARDs and highlighted the role of iron, folic acid,
and iodine deficiencies that result from toxoplasmosis in the estab-
lishment of ARDs.

Increased prevalence of ARDs, resultant disability, and increased
medical costs cause more economic burden, which requires more
understanding of the pathophysiology of these diseases for better
control. Therefore, we tried to explore the prevalence of anti-
Toxoplasma antibodies of both IgM and IgG classes in patients
with ARDs, including RA, SLE, and SSc and evaluate the association
of ARDs with toxoplasmosis-related risk factors

Patients and methods
Study design

This case-control study was carried out on 82 patients with
ARDs (44 RA, 28 SLE, and 10 SSc). These patients were recruited
from those attending the Rheumatology and Immunology Unit
(inpatient and outpatient), Mansoura University Hospital, from
January 2019 to February 2020. The inclusion criteria included: (a)
age > 18 years (b) classified as having one of ARDs as follows:
RA was diagnosed according to the American College of
Rheumatology (ACR)/European League Against Rheumatism
(EULAR) criteria for the diagnosis of RA,!" SLE was diagnosed as
stated by the International Collaborating Clinics (SLICC) criteria,'?
while SSc was diagnosed according to the 2013 ACR/EULAR classi-
fication criteria.'> Those with diabetes mellitus, hepatitis C virus,
or overlap with other connective tissue diseases were excluded
from the study. Sixty-one age- and sex-matched healthy controls
were also enrolled in the study.

Patients’ demographic, clinical and therapeutic data

For the included ARD patients, sex, age, pregnancy out-
comes, socioeconomic status, occupation, residence, and associated
comorbidities were reported. All patients were asked about any
previous or current significant neuro-psychiatric insults. Thera-
peutic history of immunosuppressive medications was also docu-
mented including corticosteroids, mycophenolate mofetil (MMF),
conventional synthetic disease-modifying antirheumatic drugs
(csDMARDs), and biological disease-modifying antirheumatic
drugs (bDMARD). All patients gave history of receiving csDMARDSs.

Disease activity scores
All ARD patients were evaluated by a well-trained rheuma-

tologist. The evaluation included a comprehensive physical
examination with targeted systemic evaluation. The disease
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activity was assessed in all patients as follows; RA patients were
evaluated using Disease Activity Score-28 joints (DAS-28),'4 and
SLE patients were evaluated by using SLE disease activity index
2000 (SLEDAI-2K),'> while SSc patients were assessed with modi-
fied Rodnan skin score (mRSS).16

Toxoplasmosis risk factors

All participants were asked to complete a self-administered
questionnaire to evaluate risk factors of toxoplasmosis acquisi-
tion. It was designed to be easily filled. Patients of low education
were guided to fill in the questionnaire. The questionnaire included
the following items: chronic exposure to cats, kittens, or cat feces,
ingestion of unpasteurized cow’s and goat’s milk, and consumption
of unwashed raw vegetables.

Sampling and laboratory tests

Eight ml venous blood was withdrawn from each patient on
the same day of clinical evaluation. Serum samples were obtained
from centrifuged blood samples were stored at —20 °C until analy-
sis. Then, C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) were assessed by latex agglutination tests (Leaner
Chemicals Co., Spain). Serological tests for anti-T. gondii IgM and
IgG were assessed using ELISA kits (Catalog#: TX022G, Calbiotech,
Inc., USA), following the manufacturer’s instructions.

Statistical analysis

Data were analyzed using the Statistical Package of Social
Science (SPSS) program for Windows (Standard version 24).
The normality of data was first tested with one-sample
Kolmogorov-Smirnov test. Qualitative data were defined using
number and percentage. Association between categorical variables
was tested using Chi-square test while Fischer exact test was
used when expected cell count less than 5. Continuous variables
were displayed as mean4SD (standard deviation) for normally
distributed data and median (min-max) for non-normal data. The
two groups were compared with Student t test for normal data
and Mann-Whitney test for non-normal data. Significant variables
entered Logistic regression model using the forward wald statistical
technique to predict the most significant elements and to control
for possible interactions and confounding effects. The results were
considered significant when P < 0.05.

Results

This study included 82 ARD patients: 44 (53.75%) RA, 28 (34.1%)
SLE, and 10 (12.2%) SSc. The mean age was 40.43 + 12.56 years, and
75 patients (91.5%) were females. Neuro-psychiatric manifesta-
tions were reported in 26 (31.7%) ARD patients, significantly higher
than healthy controls (P <0.001). Anti-T. gondii IgM was detected
in 15 (18.3%) ARD patients and in 3 (4.9%) controls (P=0.017). Anti-
T. gondii IgG antibodies were also detected in 57 (69.5%) patients
and 24 (39.3%) healthy controls (P <0.001). Noteworthy, both IgM
and IgG antibodies were detected in 13 patients (15.9%) and in only
3(4.9%) controls. Raw milk and milk products consumption showed
a significant proportion in ARD patients (68.3%) compared to the
controls (45.9%) (P=0.007), as shown in Table 1.

Using DAS28 scoring system, 18 RA patients showed moderate
activity, 10 with mild activity, and 9 with severe activity. Using
SLEDAI scoring system, there were 12 SLE patients with moderate
activity, 10 with severe activity and only 6 with mild activity. Using
MRSS scoring system, 6 SSc patients showed moderate activity
and 4 displayed mild activity (data not shown). There was non-
significant difference regarding the relationship between IgM and
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IgG seropositivity of T. gondii and the disease activity either in RA,
SLE, or SSc (IgM: P=0.37,P=0.81, P=0.74 and IgG: P=0.80, P=0.37,
P=0.43, respectively).

Patients with ARDs were assessed based on their autoimmune
disease. T. gondii IgM was detected in 6 (21.4%) patients with SLE,
7 (15.9%) patients with RA, and only 2 (20%) with SSc, nevertheless,
significant difference was reported in SLE patients versus con-
trol group (P=0.03). Contrastingly, T. gondii IgG was detected in
34 (77.3%) RA, 18 (64.3%) SLE, and 4 (40%) SSc patients, with signif-
icant difference in both RA and SLE patients versus the control group
(P<0.001, P=0.03, respectively). Neuro-psychiatric manifestations
were reported in 17 (60.7%) SLE patients: 4 (14.2%) cases with
lupus-cerebritis and 13 (46.4%) patients with migraine with highly
significant difference in comparison to RA and controls (P<0.001).
In SSc patients, migraine showed significant difference compared
to the controls (P<0.001). Cats’ contact with RA patients showed
significant difference versus control group (Pv<0.05), as shown in
Table 2.

Abortion was reported in 30 ARD patients (40%, P=0.003). There
was a significant difference between ARDs patients (SLE and RA)
and the control group regarding history of abortion (P=0.03).
First trimester abortions were reported in most cases, followed
by second trimester abortions. Fetal congenital anomalies, mostly
cardiovascular malformations, were reported in 8 (10.7% P=0.021)
female ARD patients’ offspring with a significant difference in SLE
and SSc in comparison to the control group (P=0.01), as illus-
trated in Table 3. Abortion displayed non-significant difference
in IgM seropositive patients. However, fetal congenital anoma-
lies showed significant difference in IgM seropositive patients
(P=0.04), compared to IgM seronegative patients (Table 4). In
addition, toxoplasmosis seropositive IgM antibodies were a robust
predictor of prenatal congenital abnormalities with a statistically
significant difference (P=0.03), as illustrated in Table 5. There
were non-significant differences between IgG seropositive and
seronegative groups in terms of fetal congenital abnormalities or
history of abortion (Tables 4 and 5).

Interestingly, neither neuro-psychiatric manifestations nor
disease activity parameters (ESR and CRP) showed any sig-
nificant differences regarding Toxoplasma seropositivity. There
was a significant difference between IgM and IgG Toxoplasma
seropositivity and cats in the household (12 (80.0%) versus 12
(46.3%), P=0.02 and 34 (59.6) versus 9 (36.0%), P=0.04, respec-
tively), as illustrated in Table 6.

Discussion

The relationship between Toxoplasma infection and ARDs has
been investigated in different studies with debatable results; anti
Toxoplasma IgG seropositivity has shown an association with RA
and SSc in European patients; however, Latin American patients
lacked this relationship.!” Contrastingly, other studies remarked
the protective effect exerted by parasitic infections against ARDs. '8

In this study, both anti-Toxoplasma IgM and IgG antibodies
in ARD patients were found to be higher than healthy controls
(18.3%, 69.5%, and P=0.017, P <0.001, respectively), supported by
the study done by other studies.'?2? Here, the highest prevalence
of anti-Toxoplasma IgG antibodies was reported in RA followed by
SLE, then SSc patients (79.5%, 64.3%, 40.0%, and P=0.038 respec-
tively), consistent with Fischer and colleagues?! who documented
a higher prevalence of anti-Toxoplasma IgG in RA compared to
SLE patients. IgM Toxoplasma seropositivity among SLE patients
was revealed to have significant difference in comparison to
the control group, consistent with the study done by Wilcox,
and colleagues.?? Also, a significant difference of IgG Toxoplasma
seropositivity was demonstrated in both RA and SLE patients ver-
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Table 1

Reumatologia Clinica 19 (2023) 488-494

Sociodemographic data, clinical, and laboratory characteristics, therapeutic regimens, Toxoplasma related risk factors, and T. gondii seroprevalence among ARD patients

(n=82) and healthy controls (n=61).

Variables ARD patients (n=82) Healthy controls (n=61) p
Age/year 40.43 +12.56! 38.18+11.44
<40 y! 46(56.1) 39(63.9) 0.271
>40 y! 36(43.9) 22(36.1)
Sex
Male 7(8.5) 9(14.8) 0.243
Female 75(91.5) 52 (85.2)
Occupation
Employed 61(74.4) 40 (65.6) 0.252
Non employed 21(25.6) 21(34.4)
Residence'
Rural 59 (72) 39 (63.9) 0.307
Urban 23(28) 22(36.1)
Socioeconomic status
Low 44(53.7) 40 (65.6) 0.267
Moderate 37(45.1) 21(344)
High 1(1.2) 0(0)
Neuro-psychiatric manifestations’ 26(31.7) 0(0) <0.001*
ESR mm/h’ 30 (5-100) 8(3-13) <0.001*
CRP, mg/l' 7.5 (2-96) 4(1-6) <0.001*
Medication'
Corticosteroid 51(62.2) NA NA
csDMARDs 82 (100)
MMF 9(11.0)
bDMARDs 1(1.2)
Cats in the household' 43(52.4) 23(37.7) 0.080
Raw milk products consumption 56(68.3) 28 (45.9) 0.007*
Unwashed vegetables consumption' 35(42.7) 21(34.4) 0.317
IgM T. gondii Seropositivity 15(18.3) 3(4.9) 0.017*
IgG T. gondii Seropositivity' 57(69.5) 24 (39.3) <0.001*
f Mean_+SD.
fn(%).

§ Median (Min-Max), P value by student t-test, Mann-Whitney test, Chi-square test, Fisher’s exact test, Monte carlo test.
ARD: autoimmune rheumatic disease, CRP: C reactive protein, ESR: erythrocyte sedimentation rate, MMF: mycophenolate mofetil, csDMARDs: conventional synthetic
disease-modifying antirheumatic drugs, bDMARDs: biological disease-modifying antirheumatic drugs, NA: not applicable, IgM: immunoglobulin M, IgG: immunoglobulin G.

“ Significant P <0.05.

Table 2
Neuropsychiatric manifestations and T. gondii seroprevalence among ARD patients (n=82) and healthy controls (n=61).
Variables, n, (%) RA (n=42) SLE (n=23) SSc(n=10) Healthy controls (n=61) P
Neuro-psychiatric manifestations
Lupus-cerebritis 02 (0.0) 4P (14.2) 020 (0.0) 02 (0.0) <0.001*
Migraine 72 (15.9) 13 (46.4) 230 (20) 0° (0.0) <0.001*
Cat in household 272 (61.4) 13 2b (46.4) 32b(30.0) 231 (37.7) <0.05*
IgM 7(15.9) 6(21.4) 2(20) 3(4.9) <0.05*
P1=0.06 P2=0.03" P3=0.14
IgG 34 (77.3) 18(64.3) 4 (40) 24 (39.3) <0.001*
P1<0.001" P2=0.03" P3=0.61

RA: rheumatoid arthritis, SLE: systemic lupus erythromatosis, SSc: systemic sclerosis, [gM: immunoglobulin M, IgG: immunoglobulin G.
" Significant P<0.05. Data are presented as numbers and percentages. P value by Kruskal-Wallis test and compact letters demonstrate pairwise comparison (similar
letters = statistically insignificant difference, different letters = statistically significant difference). P1: RA versus healthy controls, P2: SLE versus healthy controls, P3: SSc

versus healthy controls.

Table 3
Pregnancy outcomes among female ARD patients (n=75) and healthy controls (n=52).
Variables, n, (%) RA (n=42) SLE (n=23) SSc(n=10) Healthy controls (n=52). p
Abortion 152 (35.7) 122 (52.2) 32b(30) 9b 0.03*
30 (40.0) 9(17.3%) 0.003*
Fetal congenital 22b(4.8) 4°(17.7) 2b(20) 02 (0%) 0.01*
anomalies 8 (10.7%) 0 (0%) 0.021*

ARD: autoimmune rheumatic disease.

" Significant P<0.05. Data are presented as numbers and percentages. P value by Kruskal-Wallis test and compact letters demonstrate pairwise comparison (similar
letters = statistically insignificant difference, different letters = statistically significant difference).

sus the control group. In agreement with that, an association of IgG
Toxoplasma seropositivity among RA and SLE was reported regard-
ing latent toxoplasmosis.2> Of note, 13 patients and 3 controls
were found to have both types of antibodies. While such cases are
commonly described as having reactivation of chronic toxoplas-

mosis, Dhakal and colleagues?* concluded that IgM may persist
in the patients’ sera for years, hence, chronic cases may be mis-
diagnosed as having reactivation. Therefore, confirmation of an
acute or chronic infection should depend on testing at a reference
laboratory.
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Table 4
Association between T. gondii seropositivity and pregnancy outcomes among female ARD patients (n=75).
Variables, n, (%) IgM T. gondii antibodies P IgG T. gondii antibodies P
Positive (n=14) Negative (n=61) Positive (n=50) Negative (n=25)
Abortion 6(42.86) 24 (39.3) 0.52 18 (31.5) 12 (48.0) 0.23
Fetal congenital anomalies 4(28.57) 4(6.56) 0.04* 6(12.0) 2(8.0) 0.46
P value by Chi-square test, and Fisher’s exact test. [gM: immunoglobulin M, IgG: immunoglobulin G.
" Significant P < 0.05.
Table 5
Logistic regression analysis for abortion and fetal congenital anomalies and T. gondii antibodies in female ARDs patients.
Independent predictors B Std. error p OR (95% CI)
Fetal congenital IgM 1.74 0.81 0.03* 5.71(1.18-27.68)
anomalies IgG —0.06 0.91 0.95 0.94 (0.16-5.58)
Abortion IgM 0.35 0.60 0.57 1.42 (0.43-4.62)
IgG -0.75 0.50 0.14 0.47 (0.18-1.27)

IgM: immunoglobulin M, IgG: immunoglobulin G, P value by Logistic regression, OR: odds ratio, CI: confidence interval, std error: standard error.

" Significant P<0.05.

Table 6
The linkage between T. gondii seroprevalence and demographic variables, related risk factors, clinical and laboratory data, and therapeutic regimens among ARD patients.
Variables, n, (%) IgM T. gondii antibodies P IgG T. gondii antibodies p
Positive (n=15) Negative (n=67) Positive (n=57) Negative (n=25)
Age/years!
<40 8(53.3) 38 (56.7) 0.81 31 (54.4) 15 (60.0) 0.63
>40 7 (46.7) 29 (43.3) 26 (45.6) 10 (40.0)
Sex!
Male 1(6.7) 6(9.0) 1.00 7(12.3) 0(0) 0.09
Female (93.3) 61(91.0) 50(87.7) 25(100)
Occupation'
Employed 12 (80.0) 49 (73.1) 0.75 40(70.2) 21 (84.0) 0.18
Non-employed 3(20.0) 8(26.9) 7(29.8) 4(16.0)
Residence'
Rural 9(60.0) 50 (74.6) 0.25 43 (75.4) 16 (64.0) 0.28
Urban 6 (40.0) 7(25.4) 4(24.6) 9(36.0)
Socioeconomic status
Low 11(73.3) 33 (49.3) 32 (56.1) 12 (48.0)
Moderate 4(26.7) 33(49.3) 0.31 24 (42.1) 13(52.0) 0.63
High 0(0) 1(1.5) 1(1.8) 0(0)
Cats in the household' 12 (80.0) 31 (46.3) 0.02* 34 (59.6) 9(36.0) 0.04*
Raw milk products' 12 (80.0) 44 (65.7) 0.28 42 (73.7) 14 (56.0) 0.11
Unwashed vegetables consumption' 8(53.3) 27 (40.3) 0.35 26 (45.6) 9 (36.0) 0.41
Neuro-psychiatric' manifestations 5(33.3) 21(31.3) 0.55 17 (29.8) 9 (36.0) 0.38
ESR, mm/h! 32 (10-60) 30 (0-100) 0.78 30 (5-100) 30(10-100) 0.75
CRP, mg/l' 5(3-60) 15 (0-96) 0.74 7 (2-60) 3.87(1.74-6.2) 0.55
Medication'
Corticosteroid 11(73.3) 40 (59.7) 0.38 35(61.4) 16 (64.0) 0.52
MMF 1(6.7) 8(11.9) 0.48 (12.3) 2(8.0) 0.44
bDMARDs 0(0.0) 1(1.5) 0.82 (1.8) 0(0.0) 0.69
", (%).

¥ Median (Min-Max). Pvalue by Mann-Whitney test, Chi-square test, and Fisher’s exact test. CRP: Creactive protein, ESR: erythrocyte sedimentation rate, [gM: immunoglob-
ulin M, IgG: immunoglobulin G. MMF: mycophenolate mofetil, LDDMARDs biological disease-modifying antirheumatic drugs.

“ Significant P <0.05.

There was no correlation between T. gondii IgM and IgG
seropositivity and disease activity parameters in terms of ESR and
CRPin any of the studied diseases. In agreement with these findings,
some studies reported no correlation between Toxoplasma seropos-
itivity and ESR or CRP.2! Latent toxoplasmosis with its chronic
effects and ARDs with its fluctuating course, necessitate cohort
studies on large scales.

Although toxoplasmosis is considered a potential risk factor
for ARDs, the specific mechanism of induction or exacerbation is
not fully understood. Altered T cell repertoire was reported in
RA,%° and dysregulation of cellular and humoral immune responses

was documented in SLE patients as well.26 On the other hand,
toxoplasmosis may induce the progression of chronic diseases.
Toxoplasmosis promotes IL-17 expression, which contributes to
the pathophysiology of several ARDs. Toxoplasma was proved to
act as a ligand for Toll-like receptors (TLR); thus, chronic activa-
tion of these receptors favors the production of autoantibodies.?’
Mimics between SLE activity and manifestations of infection have
been observed in many patients causing difficult management of
the disease.

Neuro-psychiatric manifestations including lupus-cerebritis
and migraine showed significant difference between SLE and
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controls. SLE is characterized by a wide range of neuro-psychiatric
manifestations.?® In RA, neurological affection is multifactorial
whether local joint changes, extra-articular rheumatoid nodules,
or secondary vasculitis are included. In this study, migraine in
SSc and RA patients showed significant difference versus controls.
There is an issue of discussion about neuro-psychiatric manifes-
tations in SSc. Noteworthy, some psychiatric disorders like mania
and impaired cognitive functions in patients with bipolar disorder
were linked to the concentration of Toxoplasma IgM in patients’
sera.? In agreement with Voss and Stangel,>® neuro-psychiatric
manifestations, particularly lupus-cerebritis and migraine were
more prevalent in SLE patients. It was reported that bipolar disor-
der, obsessive compulsive disorder, attention deficit hyperactivity
disorder, anti-social personality disorder, drug abuse, generalized
anxiety and panic disorder, autism, schizophrenia, mood distur-
bances, homicide, and suicide occur more frequently in Toxoplasma
infected patients than in normal controls.?! Unfortunately, the
development of neuro-toxoplasmosis in SLE patients was found
to be usually misdiagnosed as neuro-psychiatric SLE.23 In this
study, Neuro-psychiatric manifestations showed non-significant
difference in relation to Toxoplasma seropositivity. Many studies
were done to explore the role of T. gondii as a potential factor for
development of neuro-psychiatric manifestation using serological
methods, however debate is still found. Much information is lack-
ing concerning molecular characteristic, pathophysiological, and
neurobiological mechanisms of toxoplasmosis.

Among female ARD patients, a significant association between
anti-T. gondii IgM seropositivity and history of offspring’s fetal
congenital anomalies was demonstrated, consistent with a study
done on aborted women showed a significant association between
toxoplasmosis and RA.>2 Children born to mothers suffering from
SLE may have neonatal lupus syndrome, including congenital
anomalies with a high risk of congenital heart diseases.>> There was
non-significant association between T. gondii seropositivity and
abortion. A variable range of pregnancy outcomes and subsequent
sequelae after birth, including abortion, stillbirth, hydrocephalus,
chorioretinitis, cerebral calcification, mental retardation, and
learning difficulties, was associated with toxoplasmosis. In addi-
tion, a correlation between ARDs with abortion and intrauterine
fetal deaths was documented.>* Pregnancy outcome complications
were documented in RA patients with disease activity; however,
there are debates concerning pregnancy outcomes in SSc patients.

A significant correlation was found between anti-T. gondii IgM,
IgG antibodies and cats’ exposure in ARD patients. This factor
elucidates the role played by cats as a source of T. gondii trans-
mission in ARD patients. In agreement with these results, Tian
et al.3> detected an association between contact with cats and
toxoplasmosis prevalence, as well as a significant correlation
between Toxoplasma seropositivity and arthritis in China. Neverth-
less, some studies reported no association between anti-T. gondii
antibodies and contact with cat.?6 Awareness about the role played
by cats in acquisition of toxoplasmosis is important. More efforts
are needed to control toxoplasmosis in cat. Also, more accurate
studies on larger sample size are valuable.

Interestingly, SSc patients showed no significant link to
Toxoplasma seropositivity. Little is known about the link between
SSc and Toxoplasma, however, the immune response against
chronic toxoplasmosis favoring T helper type (Th) 2 over Thl
response substantiates the hygiene hypothesis, which considers
toxoplasmosis and other infections as protective factors against
ARDs.3” Conversely, Arnson et al.® found a positive correla-
tion between SSc and Toxoplasma seroprevalence and concluded
that Toxoplasma might play a role in triggering SSc. Molecular
mimicry, super-antigen, and endothelial damage were proposed to
explain how infections act as triggering cofactors in the immuno-
pathogenesis of SSc.

Reumatologia Clinica 19 (2023) 488-494

In this study, no significant association was exhibited in T.
gondii seropositive ARD patients who received different regimens
of medications. The combined pyrimethamine and azithromycin
with corticosteroids is recommended regimen for treating ocular
toxoplasmosis in immunocompromised patients although there is
a leakage in clinical trials.?® Nevertheless, in a murine model of
latent toxoplasmosis using ME-49 strain, more T. gondii cysts in
the brain and encephalitis were detected when long-term corti-
costeroid therapy was applied.*? An increased risk of opportunistic
infections among treated patients with immunosuppressive drugs
as bDMARDs was documented and probably may lead to life-
threatening toxoplasmosis.*! The risk of reactivation of latent
toxoplasmosis in patients receiving immunosuppressive medica-
tions promotes question. A limitation of this study is that the
sample size is small with only one patient received bDMARDs. Also,
the study is of cross-sectional nature, however, it is not fully granted
that randomized controlled trial could be done to assess the impact
of toxoplasmosis on ARDs. Also, because of active disease and/or the
existence of antiphospholipid antibodies, SLE patients have more
abortions than healthy controls, these aspects were not fulfilled.

Conclusion

Toxoplasmosis has shown a diverse relationship with ARDs in
different studies. This study highlighted the association between
IgM Toxoplasma seropositivity and SLE, and between T. gondii
IgG seropositivity and both RA and SLE. Nevertheless, Toxoplasma
seropositivity had no association with SSc patients. A signifi-
cant association was demonstrated between anti-T. gondii IgM
seropositivity and history of offspring’s fetal congenital anomalies.
Besides, cats’ exposure in ARD patients might be a risk factor in
toxoplasmosis. Randomized controlled trial with large number of
patients is a necessity to explore the actual impact of toxoplasmosis
on ARDs whether hazardous or protective.

Authors’ contributions

Wafaa A. Aboukamar involved in conceptualization,
methodology, software, writing manuscript, data curation, and
reviewing manuscript. Samar Habib involved in conceptualization,
writing manuscript, and reviewing manuscript. Samar Tharwat
and Mohamed Kamal Nassar involved in conceptualization, collec-
tion of data, and writing manuscript. Manal A. Elzoheiry involved
in laboratory investigation and revising manuscript. Rania Atef
involved in collection of data. Manar S. Elmehankar involved in
laboratory investigation, reviewing manuscript.

Ethical approval

The study was approved by Mansoura Faculty of Medicine-
Institutional Review Board (MFM-IRB) with a code number of
R/20.11.1095.
Consent

The study was explained to all participants, and written
informed consent was signed by all of them.
Data availability statement

Data would be made available on reasonable request.

493



W.A. Aboukamar, S. Habib, S. Tharwat et al.

Funding

This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Conflict of interests

The authors declare no conflict of interest.

Acknowledgements

All patients and healthy controls who participated in this study

are appreciated. We would like to thank Dr. Adnan Elmasry and
Dr. Daniela Isaacs for the Spanish translation.

References

10.

11.

12.

13.

14.

15.

. Wang M, Su S, Lv ], Zhou G, Wang Q, Guo C. Analysis of clinical features and

prognostic factors in Chinese patients with rheumatic diseases in an intensive
care unit. Egypt Rheumatol. 2018;40:63-6.

. Abdelaziz MM, Gamal RM, Khalifa F, Mosad E, Sadek R, Abd El Razik DI, et al.

MicroRNA146a gene polymorphism in patients with rheumatoid arthritis and
the relevant value with disease activity and extra-articular manifestations.
Egypt Rheumatol. 2022;44:97-101.

. Hussein DA, El Bakry SA, Morshedy NA, Ibrahim SE, Mohammed MA. Ocular

manifestations in Egyptian systemic lupus erythematosus patients and their
relation with disease activity and anti-phospholipid antibodies. Egypt Rheuma-
tol. 2018;40:179-82.

. El-Shazly R, Niazy MH, Riad NM, Abdelraouf FH, EIRefai RM. Krebs von den

Lungen-6 (KL-6), soluble programmed cell death-1 (sPD-1) and its ligand-
1(sPDL-1) in systemic sclerosis patients: relation to disease parameters. Egypt
Rheumatol. 2022;44, 333.7.

. Shapira Y, Agmon-Levin N, Shoenfeld Y. Geoepidemiology of autoimmune

rheumatic diseases. Nat Rev Rheumatol. 2010;6:468-76.

. Mizani A, Alipour A, Sharif M, Sarvi S, Amouei A, Shokri A, et al. Toxoplasmosis

seroprevalence in Iranian women and risk factors of the disease: a systematic
review and meta-analysis. Trop Med Health. 2017;45:7.

. Hill D, Dubey JP. Toxoplasma gondii: transmission, diagnosis and prevention. Clin

Microbiol Infect. 2002;8:634-40.

. Wahid W, Zahariluddin ASM, Kadir ZS, Sharip S, Idris ZM, Osman E. Reactivation

of latent toxoplasmosis in a schizophrenia patient: a case report. Iran J Parasitol.
2021;16:512-7.

. Benoist C, Mathis D. Autoimmunity provoked by infection: how good is the case

for T cell epitope mimicry? Nat Immunol. 2001;2:797-801.

Prandota ], Elleboudy NAF, Ismail KA, Zaki OK, Shehata HH. Increased sero-
prevalence of chronic toxoplasmosis in autistic children: special reference
to the pathophysiology of IFN-g and NO overproduction. Int ] Neurol Res.
2015;1:102-22.

Aletaha D, Neogi T, Silman A], Funovits ], Felson DT, Bingham CO III, et al. 2010
rheumatoid arthritis classification criteria: an American College of Rheuma-
tology/European League Against Rheumatism collaborative initiative. Arthritis
Rheum. 2010;62:2569-81.

Petri M, Orbai AM, Alarcén GS, Gordon C, Merrill JT, Fortin PR, et al. Deriva-
tion and validation of the Systemic Lupus International Collaborating Clinics
classification criteria for systemic lupus erythematosus. Arthritis Rheum.
2012;64:2677-86.

Van Den Hoogen F, Khanna D, Fransen ], Johnson SR, Baron M, Tyndall A,
et al. 2013 classification criteria for systemic sclerosis: an American College of
Rheumatology/European League against Rheumatism collaborative initiative.
Arthritis Rheum. 2013;65:2737-47.

Nielung L, Christensen R, Danneskiold-Samsge B, Bliddal H, Holm CC, Ellegaard
K, et al. Validity and agreement between the 28-joint disease activity score
based on C-reactive protein and erythrocyte sedimentation rate in patients with
rheumatoid arthritis. Arthritis. 2015:2015.

Mikdashi J, Nived O. Measuring disease activity in adults with systemic lupus
erythematosus: the challenges of administrative burden and responsiveness to
patient concerns in clinical research. Arthritis Res Ther. 2015;17:1-10.

16.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

494

Reumatologia Clinica 19 (2023) 488-494

Khanna D, Furst DE, Clements PJ, Allanore Y, Baron M, Czirjak L, et al. Standard-
ization of the modified Rodnan skin score for use in clinical trials of systemic
sclerosis. ] Scleroderma Relat Disord. 2017;2:11-8.

. Shapira Y, Agmon-Levin N, Selmi C, Petrikova ], Barzilai O, Ram M, et al. Preva-

lence of anti-Toxoplasma antibodies in patients with autoimmune diseases. ]
Autoimmun. 2012;39:112-6.

Hafez EN, Moawed FSM, Abdel-Hamid GR, Eldin ES. Immunomodulatory activity
of gamma radiation-attenuated Toxoplasma gondii in adjuvant arthritic mice. ]
Photochem Photobiol B. 2020;209:111920.

Ismail K. Seroprevalence of Toxoplasma gondii in saudi autoimmune disease
patients. Ann Immunol Immunother. 2019:1.

Zarean M, Mastroeni P, Moghaddas E, Hosseini Farash BR, Raouf-Rahmati A,
Jamali ], et al. Toxoplasmosis frequency rate in rheumatoid arthritis patients in
Northeastern Iran. Iran ] Parasitol. 2022;17:325-31.

Fischer S, Agmon-Levin N, Shapira Y, Porat Katz BS, Graell E, Cervera R, et al.
Toxoplasma gondii: bystander or cofactor in rheumatoid arthritis. Immunol Res.
2013;56:287-92.

Wilcox M, Powell R, Pugh S, Balfour A. Toxoplasmosis and systemic lupus ery-
thematosus. Ann Rheum Dis. 1990;49:254-7.

El-Henawy AA, Hafez EAR, Nabih N, Shalaby NM, Mashaly M. Anti-
toxoplasma antibodies in Egyptian rheumatoid arthritis patients. Rheumatol
Int. 2017;37:785-90.

Dhakal R, Gajurel K, Pomares C, Talucod ], Press CJ, Montoya ]G. Significance of
a positive toxoplasma immunoglobulin M test result in the United States. ] Clin
Microbiol. 2015;53:3601-5.

Wagner UG, Koetz K, Weyand CM, Goronzy JJ. Perturbation of the T cell repertoire
in rheumatoid arthritis. Proc Natl Acad Sci USA. 1998;95:14447-52.

Abbas D, Hamdy E, Helal MM. Promoter region polymorphism (-174 G/C)
of interleukin-6 gene and SLE; are they associated? Egypt Rheumatol.
2011;33:69-75.

Marshak-Rothstein A. Toll-like receptors in systemic autoimmune disease. Nat
Rev Immunol. 2006;6:823-35.

Sarwar S, Mohamed AS, Rogers S, Sarmast ST, Kataria S, Mohamed KH, et al.
Neuropsychiatric systemic lupus erythematosus: a 2021 update on diagnosis,
management, and current challenges. Cureus. 2021;13:e17969.

Dickerson F, Stallings C, Origoni A, Katsafanas E, Schweinfurth L, Savage C,
et al. Antibodies to Toxoplasma gondii and cognitive functioning in schizophre-
nia, bipolar disorder, and nonpsychiatric controls. ] Nerv Ment Dis. 2014;202,
5.93-89.

Voss EV, Stangel M. Nervous system involvement of connective tissue disease:
mechanisms and diagnostic approach. Curr Opin Neurol. 2012;25:306-15.
Flegr ], Horacek J. Negative effects of latent toxoplasmosis on mental health.
Front Psychiatry. 2019;10:1012.

Sultan B, kalaby R, Al-Fatlawi S. Relationship between toxoplasma gondii and
autoimmune disease in aborted women in Najaf Province. karbala ] Med. 2016:9.
Vinet E, Pineau CA, Scott S, Clarke AE, Platt RW, Bernatsky S. Increased congenital
heart defects in children born to women with systemic lupus erythematosus:
results from the offspring of Systemic Lupus Erythematosus Mothers Registry
Study. Circulation. 2015;131:149-56.

Jha N, Chaudhari HK. Connective tissue disorders in pregnancy: maternal and
fetal perspective. Int ] Reprod Contracept Obst Gynecol. 2020;9:1124.

Tian AL, Gu YL, Zhou N, Cong W, Li GX, Elsheikha HM, et al. Seroprevalence of
Toxoplasma gondii infection in arthritis patients in eastern China. Infect Dis Pov.
2017;6:153.

Babaie ], Amiri S, Mostafavi E, Hassan N, Lotfi P, Esmaeili Rastaghi AR, et al.
Seroprevalence and risk factors for Toxoplasma gondii infection among pregnant
women in Northeast Iran. Clin Vac Immunol. 2013;20:1771-3.

Radon K, Dressel H, Windstetter D, Reichert J, Schmid M, Nowak D. Toxoplasma
gondii infection, atopy and autoimmune disease. Eur ] Med Res. 2003;8:147-53.
Arnson Y, Amital H, Guiducci S, Matucci-Cerinic M, Valentini G, Barzilai O, et al.
The role of infections in the immunopathogensis of systemic sclerosis — evidence
from serological studies. Ann N 'Y Acad Sci. 2009;1173:627-32.

Konstantinovic N, Guegan H, Stajner T, Belaz S, Robert-Gangneux F. Treatment
of toxoplasmosis: current options and future perspectives. Food Waterborne
Parasitol. 2019;15:e00036.

Elfadaly HA, Hassanain MA, Shaapan RM, Hassanain NA, Barakat AM. Corticos-
teroids opportunist higher toxoplasma gondii brain cysts in latent infected mice.
Int ] Zool Res. 2015;11:169-76.

Lobo Y, Holland T, Spelman L. Toxoplasmosis in a patient receiving ixekizumab
for psoriasis. JAAD Case Rep. 2020;6:204-6.


http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0210
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0215
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0220
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0225
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0230
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0235
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0240
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0245
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0250
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0255
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0260
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0265
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0270
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0275
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0280
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0285
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0290
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0295
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0300
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0305
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0310
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0315
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0320
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0325
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0330
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0335
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0340
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0345
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0350
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0355
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0360
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0365
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0370
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0375
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0380
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0385
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0390
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0395
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0400
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0405
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410
http://refhub.elsevier.com/S1699-258X(23)00097-9/sbref0410

	Association between toxoplasmosis and autoimmune rheumatic diseases in Egyptian patients
	Introduction
	Patients and methods
	Study design
	Patients’ demographic, clinical and therapeutic data
	Disease activity scores
	Toxoplasmosis risk factors
	Sampling and laboratory tests
	Statistical analysis

	Results
	Discussion
	Conclusion
	Authors’ contributions
	Ethical approval
	Consent
	Data availability statement
	Funding
	Conflict of interests
	Acknowledgements
	References


