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Introduction. Indirect immunofluorescence (IIF) is the gold standard method for the detection of antinuclear antibodies (ANA)
which are essential markers for the diagnosis of systemic autoimmune rheumatic diseases. For the discrimination of positive
and negative samples, we propose here an original approach named Immunofluorescence for Computed Antinuclear antibody
Rational Evaluation (ICARE) based on the calculation of a fluorescence index (FI). Methods. We made comparison between FI and
visual evaluations on 237 consecutive samples and on a cohort of 25 patients with SLE. Results. We obtained very good technical
performance of FI (95% sensitivity, 98% specificity, and a kappa of 0.92), even in a subgroup of weakly positive samples. A significant
correlation between quantification of FI and IIF ANA titers was found (Spearman’s p = 0.80, P < 0.0001). Clinical performance
of ICARE was validated on a cohort of patients with SLE corroborating the fact that FI could represent an attractive alternative for
the evaluation of antibody titer. Conclusion. Our results represent a major step for automated quantification of ITF ANA, opening

attractive perspectives such as rapid sample screening and laboratory standardization.

1. Introduction

Antinuclear antibodies (ANA) are essential biological mark-
ers for the diagnosis [1], classification, and disease activity
monitoring [2] of systemic autoimmune rheumatic diseases.
Given this central role, ANA screening should be accurate
and reproducible. For several decades, indirect immunoflu-
orescence (IIF) on HEp-2 cells has been the reference tech-
nique for ANA testing. Although new available techniques
[3, 4] such as ELISA or multiplexing solid phase technologies
have been proposed to replace IIF, the American College
of Rheumatology (ACR) still recommends IIF as the gold
standard method for ANA detection [5]. The main drawback
of this technique is IIF reading subjectivity, intra- and

interlaboratory variabilities complicating the standardization
expected in modern laboratories.

Recently, commercial automated systems for ANA IIF
reading and interpretation have become available and were
described in the literature [6-11]. Most of them are based
on data mining and supervised machine learning methods
[12]. In addition to their complexity, they share a common
weakness in the detection of weak positivity.

In this work, we describe an original algorithm named
Immunofluorescence for Computed Antinuclear antibody
Rational Evaluation (ICARE) for automation of IIF ANA
evaluation offering excellent analytical performance and an
attractive quantitative approach for positive/negative dis-
crimination. We assess the quantification of the fluorescence
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TABLE 1: Characteristics of patients from the routine and SLE cohorts.

ANA n Men Women Mean age (years) Age std. (years) Range (years)
Negative 103 50 53 45.7 21.4 3-90
Routine cohort Positive 134 43 91 52.3 18.7 8-89
(n =237) Titer =100 49 24 25 56.4 18.7 11-50
Titer > 200 85 19 66 49.9 18.5 8-89
SLE cohort Negative 1 0 1 n/a n/a n/a
(n=125) Positive 24 7 17 36.9 15.6 17-74

n/a: nonapplicable.

intensity as an alternative to antibody titer evaluation and
validate our approach in a population of patients with
systemic lupus erythematosus (SLE).

2. Materials and Methods

2.1. Patients and Serum Samples. We collected serum sam-
ples from 2 cohorts of patients: a “routine cohort” and a
“SLE cohort”. The routine cohort comprised 237 consecutive
serum samples sent to the Immunology Laboratory for ANA
analysis with IIF for outpatients or patients hospitalized
in the Departments of Internal Medicine, Rheumatology,
Dermatology and Cardiology of the University Hospitals of
Assistance Publique-Hopitaux de Marseille (AP-HM). The
SLE cohort comprised 25 consecutive SLE patients meeting
the American College of Rheumatology (ACR) classification
criteria and followed up in the Nephrology Department of
AP-HM. For all the SLE cohort patients, anti-double stranded
DNA (ds-DNA) antibody levels were measured in sera with
fluorescence-enzyme immunoassay (ELiA dsDNA; Phadia,
Uppsala, Sweden; now part of Thermo Fisher Scientific). All
sera were retrospectively obtained from a declared serum
bank (Biobank DC 2012-1704). This study did not need ethical
approval or consent.

2.2. Patients Characteristics. The routine cohort comprised
237 patients, 93 males and 144 females, with a mean age of
49.4 years (range 3-90 years) (Table 1). Based on visual IIF
ANA analysis, this cohort was splitted into ANA negative
(n = 103) and ANA positive (n = 134) sera. As expected,
there were significantly more women in the ANA IIF positive
group than in the ANA IIF negative group (70% versus 51%,
P =0.01).

In the positive ANA IIF group, several single and
mixed fluorescence patterns were represented (91 speckled,
10 centromeric, 7 nucleolar, 5 homogenous, 5 nuclear dots,
3 mitotic spindle apparatus, 11 homogenous-speckled, and
2 homogenous-nucleolar). The fluorescence titers ranged
from 100 to more than 800. To analyze more accurately the
sensitivity for weak positive detection, the ANA IIF positive
group was subdivided into weak positive ANA ITF (titer = 100,
n = 49, 24 males and 25 females, mean age 56.4 years, range:
11-50) and positive ANA IIF (ANA titer > 200, n = 85, 19
males and 66 females, mean age 49.9 years, range: 8-89)

The SLE cohort comprised 25 patients, 7 males and 18
females, with a mean age of 37.2 years (range 17-74 years)

(Table 1). Except for one patient, all patients were ANA
positive (11 homogenous-speckled, 13 speckled) with ANA
IIF titers ranging from 200 to above 800. Eight patients
were negative for anti-dsDNA antibodies (antibody level <
16 IU/mL) and seventeen patients were positive (range: from
16 IU/mL to above 379 IU/mL).

2.3. ANA Testing. ANA in patients’ sera were detected by
commercial ANA HEp-2 indirect immunofluorescence assay.
Automated instrument (PhD system, Bio-Rad Laboratories,
Hercules, CA) was used for IIF slide preparation. Samples
diluted in phosphate buffered saline were incubated on HEp-
2 cells fixed on glass slides (Kallestad HEp-2 Cell Line Sub-
strate, 12 wells slides, Bio-Rad Laboratories, Hercules, CA) for
30 minutes at room temperature (RT). The screening dilution
was 1:100. After washing, bound antibodies were detected
by incubation with fluorescein isothiocyanate (FITC) con-
jugated sheep anti-human immunoglobulin (Kallestad FITC
conjugate, Bio-Rad Laboratories, Hercules, CA) for 30 min-
utes at RT. Subsequently, slides were washed, embedded with
a 4,6-diamidino-2-phenylindole (DAPI) containing medium
(Vectashield, Vector Laboratories Inc., Burlingame, CA),
and visually assessed with a fluorescence microscope (Leica
DM1000, Leica Microsystems, Germany) by two experienced
observers. For each sample, fluorescence pattern and titer
were visually assigned in case of positivity. The visual cut-
off titer was 100 corresponding to sera with weak positivity.
Based on visual ANA analysis, three patient groups were
created: positive ANA (titer > 200), weakly positive ANA
(titer = 100), and negative ANA groups. The titer was defined
as the reciprocal of the highest dilution of serum that still
shows immunofluorescent nuclear staining.

2.4. Image Capture. For each patient, two images of the same
central microscopic field were captured with 20x objective at
two different excitation wavelengths: 480 nm for FITC stain
and 360 nm for DAPI stain. Captures were performed with
a fluorescence microscope (Leica DM1000, Leica Microsys-
tems, Germany) equipped with 360 nm and 480 nm leds for
excitation (FluoLed, Fraen corporation Srl, Settimo Milanese,
Italy). Captures with 1392 x 1040 pixels resolution were
performed with a color CCD camera (Infinity 2, Lumenera
Corporation, Ottawa, Canada). Exposure times for FITC and
DAPI captures were 200 ms and 300 ms, respectively. All
captured color images were 24 bit-depth and have been saved
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FIGURE 1: Examples of captured images. Examples of images
obtained by ITF on HEp-2 cells from 2 different serum samples: one
ANA negative ((a), (b)) and one ANA positive ((c), (d)) for both
DAPI ((a), (c)) and FITC ((b), (d)) stainings. Objective: x20.

in Tagged Image File Format (TIFF) for subsequent analysis.
As an example, Figure 1 shows the IIF microscopic images
obtained from one positive and one negative sera.

2.5. ICARE Algorithm Description for Image Analysis. First,
using image analysis software, we splitted RGB color channels
and kept blue or green channel for DAPI and FITC images,
respectively. Then, DAPI image was used to determine
nucleus position. This was performed using a thresholding
method based on image histogram analysis. We defined the
background intensity of DAPI image as the first peak of DAPI
histogram. A threshold defined as twice this background
intensity allowed appropriate segmentation and selection of
nucleus region of DAPI image. This nucleus region selection
was then superimposed on FITC image which allowed mean
fluorescence intensity measurement of nucleus region of
FITC image (MFI n). Then, an inversion of selection allowed
mean fluorescence intensity measurement of non-nucleus
background region of FITC image (MFI b).

2.6. ICARE Index Calculation. For each captured well, we
defined a nondimensional index called fluorescence index
(FI) and calculated as follows: FI = (MFI n)/(MFI b).

The reproducibility of FI was tested. A single sample with
weakly positive ANA (titer = 100) was tested 10 times in 10
wells each day on 3 consecutive days. Coeflicients of variation
of FI on the 3 days were 8.6%, 8.7%, and 5.9%.

We also evaluated the effect of exposure time of the
camera on FI by studying the FI as a function of the time-
exposure (50-300 ms) for positive ANA patients (data not
shown). No variation was observed attesting that FI values
were time-exposure independent.

2.7, Statistics. Analytical performance of ICARE algorithm
was evaluated by calculating sensitivity (Se.), specificity

TABLE 2: Analytical performance of ICARE algorithm for ANA
screening.

Positive versus negative Weakly posit‘ive

versus negative
Sensitivity 94.5% 85.7%
Specificity 98.1% 98.1%
PPV 98.5% 95.5%
NPV 93.5% 93.5%
Kappa 0.923 0.861

PPV: positive predictive value, NPV: negative predictive value.
Kappa: Cohen’s kappa coeflicient.

(Spe.), positive predictive value (PPV), and negative predic-
tive value (NPV). Accuracy was defined as the proportion of
the total number of correct predictions by FI. Mann-Whitney
U test was used to compare the mean values of FI and Spear-
mans rank correlation coefficient to study the correlation
between FI and ITF ANA titers. The agreement between visual
and algorithmic interpretation was evaluated using Cohen’s
Kappa coeflicient which takes on the value (i) zero if there
was no more agreement between two tests than expected by
chance (ii) 1 if there was a perfect agreement. Kappa values
below 0.4 were considered as poor agreement, values between
0.4 and 0.75 as fair to good agreement, and values higher
than 0.75 as excellent agreement as described [13]. Data were
analyzed and curves plotted using R statistical software (R
Foundation for Statistical Computing, Vienna, Austria) and
Microsoft Excel 2007. The threshold for statistical significance
was set at P = 0.05.

3. Results

3.1. Index Cut-Off Determination and Analytical Performance
of ICARE Algorithm Performed on Routine Cohort. FI was
calculated for the 237 patients from the routine cohort. As
shown in Figure 2(a), FI was significantly higher in ANA
positive patients compared to ANA negative patients (mean
value: 2.06 + 1.18 versus 1.13 + 0.06, P < 0.0001). To test
further the ICARE algorithm performance in weakly positive
samples (ANA titer of 100 corresponding to the visual cut-
off), we compared samples with very low positive ANA to
samples with negative ANA. Interestingly, FI was significantly
higher in patients with weakly positive ANA than in patients
with negative ANA (mean value: 1.33 + 0.11 versus 1.13 + 0.06,
P <0.0001) (Figure 2(b)).

Cut-off determination of FI was performed using ROC
analysis (Figure 3(a)) and accuracy curve (Figure 3(b)). FI
cut-off value was set at 1.246 and area under the curve
(AUC) was 0.991, attesting the excellent performance of the
algorithm.

For the whole ANA IIF positive group (including
weakly positive samples), sensitivity and specificity for posi-
tive/negative discrimination were, respectively, 95% and 98%.
The concordance between visual and algorithmic evaluation
was also excellent, with a Cohen’s kappa of 0.923 (Table 2).
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FIGURE 2: Fluorescence index in samples from the routine cohort (n = 237). (a) Comparison of samples with negative versus positive ANA in
IIE. (b) Comparison of samples with negative versus weakly positive (titer = 100) ANA in ITF. Indexes were calculated with ICARE algorithm
from captured IIF images and plotted for positive ANA patients (titer > 100, n = 134), weakly positive ANA patients (titer = 100, n = 49), and
negative ANA patients (titer < 100, # = 103). The box plots show the median value and range from the first to the third quartile. The whiskers
extend between the maximum and the minimum indices. Indexes from ANA positive patients as well as those from weakly positive patients
were significantly higher than those from ANA negative patients (P < 0.0001, Mann-Whitney U test).
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FIGURE 3: Cut-off determination for fluorescence index. (a) Receiver operating characteristic (ROC) of ANA screening with algorithm
evaluation. Sens.: sensitivity, Spec.: specificity, PV+: positive predictive value, and PV—: negative predictive value. (b) Accuracy as a function
of fluorescence index cut-off. Accuracy is the ratio between the number of correct prediction with algorithm and the total number of patients.

Here the calculated cut-off is 1.246.

For weakly positive samples only, ICARE algorithm
performance was also very good with 86% sensitivity and 98%
specificity and a coefficient of concordance (Kappa) of 0.86.

3.2. Result Comparison between ICARE Algorithm and Visual
ANA IIF. Concordant results between ICARE algorithm and
visual evaluation of ANA by IIF were obtained for 228/237

routine samples (96%) (Table 3). The 9 remaining samples
showed discrepant results: 2 were classified as weakly positive
by the ICARE algorithm and negative by visual examination
(false positive) and 7 were classified as negative by the ICARE
algorithm but visually recognized as weakly positive by the
expert (false negative). None of the false negative samples
were associated with positive extractable nuclear antigen
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TABLE 3: ANA screening agreement between visual and ICARE eval-
uations.

TABLE 4: Correlations of FI with anti-dsDNA antibody levels and IFI
titer.

ICARE+ ICARE- Total Parameter IFI titer Anti-dsDNA
Visual+ 127 7 134 Spearman’s p 0.80 0.47
Visual— 2 101 103 P value (two-tailed) <0.0001 0.02
Total 129 108 237

(ENA) or anti-dsDNA antibodies, and among them, 3 were
drawn in an infectious context, 1 was from a 75-year-old
patient and 1 from a patient treated for psoriatic arthritis with
previously negative ANA. Importantly, no false negative was
observed for samples with an ANA IIF titer > 200.

3.3. Quantification of Fluorescence Index as an Alternative to
ANA Titer. To assess the usefulness of FI quantitatively, as an
alternative to antibody titer, we first investigated the effect of
sample dilution on FI values. Twenty ANA positive samples
with 5 different staining patterns (speckled, homogenous,
centromeric, nucleolar, and nuclear dots) were diluted from
1:100 to 1:800. FI was evaluated for each dilution of a given
sample (Figure 4). For all samples tested, a decrease in FI was
obtained when the dilution factor increased, whatever the
staining pattern tested. To comfort the relationship between
FI values and antibody levels, we then analyzed FI value
as a function of titer in 87 ANA positive speckled samples
(Figure 5). A significant correlation between FI and ANA
titers was found (Spearman’s p = 0.78; P < 0.0001).

3.4. Clinical Validation on Patients with SLE. In order to
evaluate the clinical performance of ICARE algorithm in
connective tissue diseases, patients from the SLE cohort were
tested. In agreement with our previous results, a significant
correlation was found between FI and ANA titer (Spearman’s
p = 0.8; P < 0.0001) (Table 4). Interestingly, a significant
correlation was also observed between FI and anti-dsDNA
antibody levels in this cohort (Spearman’s p = 0.47; P < 0.01).

4. Discussion

In this study we propose an original approach for automation
of ANA IIF based on the calculation of a fluorescence index to
discriminate positive and negative samples in a reproducible
and nonobserver-biased way. We demonstrate excellent ana-
Iytical performance of ICARE algorithm in comparison to
the gold standard IIF visual method. Moreover, we show that
FI could be used as a quantitative value to evaluate ANA
titers. Last, we show that ICARE has potential interest in the
monitoring of ANA in SLE patients.

Our approach is based on a quantitative strategy that
mimics the routine analysis of ANA IIE. In the routine
practice, the first step of this analysis consists in posi-
tive/negative screening that allows the rapid reporting of the
60-70% negative results requiring no further investigation.
The second step is the pattern recognition, which is under
development.

In the study, for the screening of 237 samples, ICARE
reached a sensitivity of 95% a specificity of 98% and evidenced

an excellent concordance with the visual method (accuracy:
96.2%, kappa = 0.923). To analyze more accurately the
ICARE performance, analysis was performed on an ANA IIF
subgroup presenting a weak positivity defining the visual cut-
off (titer = 100). In this more difficult design, performance
of ICARE was also very good with 86% of sensitivity, 98% of
specificity, and an excellent coefficient of concordance (kappa
= 0.86). The very good performance of ICARE suggests that
it could replace the screening routine step by an automated
approach.

Several commercially available systems are available for
automated analysis of ANA by IIF: Aklides (Medipan,
Berlin, Germany), G-Sight (Menarini, Florence, Italy), and
EuroPattern (Euroimmun, Liibeck). In routine activity, good
performance for ANA screening are reported. However,
performance was not specifically evaluated in low positive
ANA samples. This could change the interpretation of the
results for the benefit of elevated positivity (high endpoint
titers). Additionally, for Aklides system, Egerer et al. found
a screening sensitivity of 94% for the whole population
studied [6], while on the same system, Melegari et al. [7]
found sensitivity of only 72% and suggested reassessing the
cut-off for the detection of weakly positive samples. In the
literature, the percentage of concordance between visual IIF
and automated measures varied from 86% to 99%. With 96%
of concordant results, our method is thus among the most
performing. In our study, the only discrepant results (3.8%)
were at the visual cut-off titer. The majority (7/9) were found
weakly positive by the visual method. It is well known in
laboratory practice that IIF visual reading becomes highly
subjective and variable between observers when fluorescence
intensity is around the cut-off titer. Moreover, none of the
7 samples were associated with positive extractable nuclear
antigen (ENA) or anti-dsDNA antibodies, and other clinical
settings than autoimmune disease may explain these visual
low levels of ANA in some of them. Low titers of ANA
may indeed be present in healthy aged subjects and patients
with infections or with cancer [14]. This suggests higher
performance of ICARE compared to visual methods and
promotes an automated evaluation of ANA screening.

Only one system in the literature presents an “index,”
but it is statistical, not quantitative, and is defined as a
probability index. Indeed, for screening purpose, G-sight
system provides a probability of positivity based on statistics
of a set of previous training samples [10]. The fact that ICARE
method, for automated evaluation of IIF ANA, was based
on a quantitative evaluation opens attractive perspectives.
We showed a significant correlation between the fluores-
cence index and ANA titers of the samples, suggesting that
FI reflects the antibody level. Titer prediction with auto-
mated system could improve cost efficiency by suppressing
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the need of serial dilution and speeding up the report of
the results. This quantitative index could give a compar-
ative scale between laboratories allowing, in the future, a
possible standardization of methods. Moreover, we validated
this quantitative approach in a population of SLE patients.
Interestingly, we also found a significant correlation between
FI and anti-dsDNA antibody levels, which suggests a possible
interest of FI in SLE disease activity monitoring.

In conclusion, the automated discrimination between
positive and negative results represents a major step for auto-
mated evaluation of antinuclear autoantibodies by indirect
immunofluorescence. Although ICARE algorithm should be
tested in a multicenter analysis, it already presents several
benefits such as the detection of weakly positive samples and
a quantitative fluorescence index determination.
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dsDNA: Double-stranded DNA.

Conflict of Interests

The authors have no conflict of interests to declare.

Authors’ Contribution

Daniel Bertin collected serum samples and performed the
experiments. Noémie Jourde-Chiche contributed to patient
recruitment of SLE cohort. Daniel Bertin, Pierre Bongrand,
and Nathalie Bardin contributed to conception, design, anal-
ysis, and interpretation of data. Daniel Bertin and Nathalie
Bardin drafted the paper. All authors were involved in the
revision of the paper. All authors read and approved the final

paper.

References

(1] D. H. Solomon, A. J. Kavanaugh, P. H. Schur et al., “Evidence-
based guidelines for the use of immunologic tests: antinuclear
antibody testing,” Arthritis Care and Research, vol. 47, no. 4, pp.
434-444,2002.

[2] M.]J. Fritzler, “Challenges to the use of autoantibodies as predic-
tors of disease onset, diagnosis and outcomes,” Autoimmunity
Reviews, vol. 7, no. 8, pp. 616-620, 2008.

[3] K. Op de Beéck, P. Vermeersch, P. Verschueren et al., “Antinu-
clear antibody detection by automated multiplex immunoassay
in untreated patients at the time of diagnosis,” Autoimmunity
Reviews, vol. 12, no. 2, pp. 137-143, 2012.

[4] S. Desplat-Jego, N. Bardin, B. Larida, and M. Sanmarco,
“Evaluation of the BioPlex 2200 ANA screen for the detection
of antinuclear antibodies and comparison with conventional
methods,” Annals of the New York Academy of Sciences, vol. 1109,
pp. 245-255, 2007,

[5] P. L. Meroni and P. H. Schur, “ANA screening: an old test with
new recommendations,” Annals of the Rheumatic Diseases, vol.
69, no. 8, pp. 1420-1422, 2010.

[6] K. Egerer, D. Roggenbuck, R. Hiemann et al., “Automated
evaluation of autoantibodies on human epithelial-2 cells as an
approach to standardize cell-based immunofluorescence tests,”
Arthritis Research and Therapy, vol. 12, no. 2, article R40, 2010.

[7] A. Melegari, C. Bonaguri, A. Russo, B. Luisita, T. Trenti,
and G. Lippi, “A comparative study on the reliability of an
automated system for the evaluation of cell-based indirect
immunofluorescence,” Autoimmunity Reviews, vol. 11, no. 10, pp.
713-716, 2012.

2

S. Kivity, B. Gilburd, N. Agmon-Levin et al,, “A novel automated
indirect immunofluorescence autoantibody evaluation,” Clini-
cal Rheumatology, vol. 31, no. 3, pp. 503-509, 2012.

[9] J. Voigt, C. Krause, E. Rohwéder et al., “Automated indirect
immunofluorescence evaluation of antinuclear autoantibodies
on HEp-2 cells,” Clinical and Developmental Immunology, vol.
2012, Article ID 651058, 7 pages, 2012.

[10] X.Bossuyt, S. Cooreman, H. de Baere et al., “Detection of antin-
uclear antibodies by automated indirect immunofluorescence
analysis.,” Clinica Chimica Acta, vol. 415, pp. 101-106, 2013.

[11] C. Bonroy, C. Verfaillie, V. Smith et al., “Automated indi-
rect immunofluorescence antinuclear antibody analysis is a
standardized alternative for visual microscope interpretation,”
Clinical Chemistry and Laboratory Medicine, vol. 6, pp. 1-9, 2013.



[12] P. Perner, H. Perner, and B. Miiller, “Mining knowledge

(13

(14

J

]

for HEp-2 cell image classification,” Artificial Intelligence in
Medicine, vol. 26, no. 1-2, pp. 161-173, 2002.

J. R. Landis and G. G. Koch, “The measurement of observer
agreement for categorical data,” Biometrics, vol. 33, no. 1, pp.
159-174, 1977.

M. Satoh, E. K. Chan, L. A. Ho et al, “Prevalence and
sociodemographic correlates of antinuclear antibodies in the
United States,” Arthritis & Rheumatism, vol. 64, no. 7, pp. 2319-
2327, 2012.

Clinical and Developmental Immunology



MEDIATORS

INFLAMMATION

The Scientific Gastroenterology Fou Journal of .
World Journal Research and Practice Diabetes Research Disease Markers

et
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal u,f
Obesity

Evidence-Based p : _ {:

Journal of Stem Ce”S Complementary and 8 ' 1 3 Journal of
Ophthalmology International Alternative Medicine < ) Oncology

Parkinson’s
BINEENE

Computational and . z
Mathematical Methods Behavioural AI DS C dicine and

in Medicine Neurology Research and Treatment



