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From the Secretary’s Desk 

Respected Members, 

Greetings from ACB Head office. 

 At the outset, I wish to apologize for the inordinate delay in taking out the second 

issue of the ACBI News Bulletin. 

After the publication of the March 2020 issue, we all were engulfed by the Covid Pandemic 

bringing life to a complete standstill except for us at the frontline of saving life. All our 

association activities came to a Full Stop!!  It was the Year of THE SPIKE PROTEIN ATTACK!   

There was a lot of hectic parlay between the members of the EB regarding the 2020 National 

Conference. Ultimately, we had to reluctantly move it to December 2021. The dates will 

shortly be announced. After a lot of hiccups, we were ultimately successful in hosting our 

very own webinars from December 2020. Previous to this we had webinars & a mini 

conference under ACBI auspices.  We shall be continuing with our webinars throughout 

2021. More details are available on our website, www.acbindia.org.  

This year we lost three stalwarts of our association, Dr. P.H. Ananthanarayan, Dr. Abhay 

Pratap and Dr. Arun Raizada, may their soul rest in peace. Dr. Abhay and Dr. Raizada to post-

covid complications. 

Remember, the Covid vaccine need time to prime our body… 

Till then: 

Wear a Mask.                          Maintain social distancing.                        Be Covid safe. 

 

 

Dr. Rajiv R Sinha                                                                                                           

General- Secretary, Editor                                                                         
ACBI & Editor-in-Chief 
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Dr. Abhay Pratap, MBBS, MD, CSM, DSc, FACBI 

 1/07 /1948    -   01/08/2020 

Dr. Abhay Pratap was born on 1st July 1948 in Bihar. He did his MBBS and MD in Biochemistry from Rajendra Medical 

College, Ranchi now RIIMS.  

Dr. Abhay started his career as Biochemists in the Department of Pathology at Bokaro General Hospital, Bokaro Steel 

Plant. He subsequently became Consultant Biochemists and Joint Director (M & HS) & HOD Pathology at BGH from 

where he retired in 2019. Has special interest in Automation in Clinical Biochemistry, Quality Analysis, Interpretation 

and improvement in Biochemistry on which he has given numerous presentations. He was actively involved in 

running their private laboratory along with his pathologists wife. He leaves behind his Son, Dr. Abhijit Pratap, also a 

member of ACBI. 

 

He was a life member of the Association and also the Past President of Association of Clinical Biochemist of India, 

President of the Jharkhand State branch of ACBI. He was an active member of Indian Medical Association and Indian 

Association of Sports Medicine. Dr Abhay was actively involved in the activities of the association and attended every 

ACBI National conference. Under his leadership, the Jharkhand branch organized 3 East Zone conferences at Bokaro, 

which were a resounding success. Members would remember him for his very jovial and mixing nature. 

 

With his passing away the association has lost a very active member. On behalf of the association I extend my 

condolences to Abhijit and his wife on the passing away of our dear friend, philosopher and guide. MAY HIS SOUL 

REST IN PEACE. 
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Dr. Ananthanarayanan P H 

20th. September 2020 

Dr. Ananthanarayanan P H , Former Director of JIPMER and Retired Professor in Biochemistry, JIPMER, Puducherry, 

expired on 20 September 2020. He was a great teacher, who always greeted all of us with a smile and helped 

everyone whose lives he touched. He was an amazing personality with immense talent in music.  

He served with distinction and diginity as DGHS, MOHFW, AIIH&PH, Kolkata and at BPKIHD, Dharan, Nepal. He had 

the distinction of being the first JIPMER alumni to become its Director. He will be remembered for posterity for his 

teaching and ever-helpful nature. He lives on in his family and students, who will miss him dearly. May God grant 

strength to his family to bear this loss. May his soul rest in peace! 
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                  Dr. Arun Raizada 

               12/11/1948 – 10/01/2021 

Dr. Arun Raizada, did his M.Sc. in Biochemistry from Lucknow University and PhD in Medical Biochemistry from G R 

Medical College, Gwalior. He started his career as a researcher as Assistant Research Officer, Department of 

Biochemistry, P.G.I. Chandigarh from 1971 to 1974. Subsequently, he joined Lady Harding Medical College New Delhi 

as Senior Demonstrator and worked there till 1988.  He then moved on to become the Head of Biochemistry at the 

Escorts Heart Institute, New Delhi. In 2009 he joined as Head, Department of Biochemistry at Medanta – The 

Medicity. Under his able supervision Medanta got their NABH, NABL & JCI accreditation. Prior to his untimely 

demise, he was rendering his service as Vice President (Quality), POCT services at Lucknow.  

He was the past president of ACBI and Fellow of ACBI (FACBI).  He was the organizing secretary of ACBICON 2007 at 

Indian Habitat Centre, New Delhi. He was actively participating in ACBI meetings and was working in various 

committees like Congress and Conference Division & Corporate wing.  He has represented ACBI at the international 

associations like IFCC, APFCB and AACC. He was nominated as Director, ICHA by ACBI. He was also a certified 

technical assessor by NABL. He was the recipient of various prestigious awards and honors, including A. J. Thakur 

Award for Distinguished Services in Clinical Biochemistry and Laboratory Medicine, Health icon award-2019 for 

excellence in health care by UP Govt., Bharat Excellence Award 2013 by Friendship Forum of India, Bharat Jyoti 

Award by India International Friendship Society, Rajiv Gandhi Excellence Award.  

The ACBI and Community of biochemists in India mourns on the passing away of Dr. Arun Raizada. His presence will 

be immensely missed. We pray to the almighty that his soul may rest in peace. 
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ADVERTISMENT RATE in ACBI News Bulletin 

  One Issue (Rs.) Two Issues (Rs.) 

1 Back Cover (4-colour) 20,000 35,000 

2 Back Inside  (4-colour) 15,000 25,000 

3 Front Inside   (4-colour) 15,000 25,000 

4 Inside Page (BxW) -- Full Page 8,000 12,000 

5 Inside Page (BxW) -- Half Page 4,000 6,000 

6 Full Page Insert (Colour) 20,000 35,000 

    

Please Note: 

1. Corporate Members can avail 25% discount on advertisement in the News Bulletin. 

2.Advertisers for Front Inside, Back Cover, Back Inside & Colour insert will get added advantage of their advertisements 

being ‘hot  linked’ to their company web site. 

 

 

 

 

 

 

 

 

We want that all members should actively participate in ACBI activities and be kept informed about the 

programmes and activities. For this we require your correct addresses and email ID. Please check your details on 

the ACBI website www.acbindia.org and if any correction is needed, kindly download the ADDRESS CORRECTION 

FORM ,  fill it up and email the same to kpsacbi@yahoo.co.in.  
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Next-generation sequencing approach for the diagnosis of human diseases: 

open challenges and new opportunities 

Chiara Di Resta1,2, Silvia Galbiati2, Paola Carrera2,3, Maurizio Ferrari1,2,3 

1 Vita-Salute San Raffaele University, Milan, Italy 

2 Genomic Unit for the Diagnosis of Human Disorders, Division of Genetics and Cell Biology, IRCCS San Raffaele 

Hospital, Milan, Italy 

3 Laboratory of Clinical Molecular Biology and Cytogenetics, IRCCS San Raffaele Hospital, Milan, Italy 

Key words:  

Next generation sequencing, genetics, inherited disorders, causative mutations, sequence depth, coverage, incidental 

findings, variants interpretation, diagnostics, genetic medicine 

ABSTRACT: The rapid evolution and widespread use of next generation sequencing (NGS) in clinical laboratories has 

allowed an incredible progress in the genetic diagnostics of several inherited disorders. However, the new 

technologies have brought new challenges. In this review we consider the important issue of NGS data analysis, as well 

as the interpretation of unknown genetic variants and the management of the incidental findings. Moreover, we focus 

the attention on the new professional figure of bioinformatics and the new role of medical geneticists in clinical 

management of patients. Furthermore, we consider some of the main clinical applications of NGS, taking into 

consideration that there will be a growing progress in this field in the forthcoming future. 

 

 
 

 

INTRODUCTION 

The next-generation sequencing (NGS) has been 

introduced in genomic laboratories about 10 years 

ago. Its impact on technological revolution has 

important implications in human biology and 

medicine [1]. After improvements in accuracy, 

robustness and handling, it became a widely used and 

an alternative approach to the direct Sanger 

sequencing [2,3]. 

The progress of NGS is leading to the increase of 

discovery of number of genes associated to human 

inherited disorders and to the elucidation of molecular 

basis of complex disease [4]. Moreover, since on NGS 

platforms it is possible to perform a parallel sequencing 

of different tar- get regions, 

NGS is widely used in diagnostics. Recently, the use of 

NGS in clinical laboratories has became increasingly 

widespread, used in diagnostics of infectious diseases, 

immune dis- orders, human hereditary disorders and in 

non- invasive prenatal diagnosis, and, more recently, in 

the therapeutic decision making for somatic cancers [5–

12]. A great advantage of NGS approach is based on its 

ability to deliver clinical diagnosis in a short time [3]. 

Currently, there are several NGS platforms available for 

routine diagnostic applications. These sequencers allow 

performing a high-throughput analysis within few days, 

considerably decreasing costs [13]. These new 

technologies are different from Sanger sequencing 

because they are based on a massively parallel analysis 

and high throughput. 
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Today two different NGS technologies are mainly used in 

clinical laboratories: Ion Torrent and Illumina systems 

[14]. The Ion Torrent Personal Genome Machine (PGM) 

was launched in 2011, while the widely used Illumina 

benchtops for diagnostic purpose are MiSeq, marketed 

in 2011, MiniSeq, launched in 2016, or iSeq100, 

debuting in the end of 2017. The Ion Torrent exploited 

the emulsion PCR using native dNTP chemistry that 

releases hydrogen ions during base incorporation by 

DNA polymerase and a modified silicon chip detecting 

the pH modification [15], while Illumina technology is 

based on the existing Solexa sequencing by synthesis 

chemistry with the use of very small flow-cells, reduced 

imaging time and fast sequencing pro- cess [14]. 

NGS APPROACH IN CLINICAL LABORATORIES 

The increase in number of causative genes associated 

with human inherited disorders is directly associated 

with the implementation of NGS. 

Until now Sanger sequencing has been the gold 

standard in clinical laboratories for single-gene tests and 

it serves as the standard methods by which NGS data 

should be compared and validated [16]. However, Sanger 

sequencing achieves the diagnostic goal when there is a 

clear phenotypic indication of a classical Mendelian 

disorder and the single-gene test approach is preferred. 

It eliminates the problem of incidental findings that we 

will discuss later, but it may push the patients into a 

“diagnostic odyssey”, where they could be evaluated by 

multiple providers, some- times for years, without a 

genetic diagnosis [13]. 

Today there is a different scenario, in which genomic 

technologies can be very useful to detect genetic 

variations in patients with a high accuracy and an 

important reduction of costs, thanks to the first-

generation sequencing approach. In particular, next-

generation sequencing will increasingly be used for 

clinically heterogeneous inherited disorders, resulting in 

an increase in number of reported disease-causing 

genes [6]. Indeed, in the majority of human inherited 

diseases not merely one gene but a number of genes 

may interact leading to overlapping pathological 

phenotypes [2].  

NGS approach is tempting when there is a genetic 

contribution in heterogeneous and complex diseases, 

such as in cardiomyopathies, in cardiac arrhythmias, 

in connective tissue disorders, in mental retardation or 

autism, where a large number of genes are involved in a 

large phenotypic spectrum [10,11,17]. In these cases, 

NGS approaches al- lows to test a large number of genes 

simultaneously in a cost-effective manner [13]. An 

important issue is to decide which kind of NGS testing 

strategy is best suited for each clinical case. Two options 

are currently available: targeted gene panels or whole-

exome sequencing (WES) [13]. 

Targeted sequencing of selected genes offers a good 

coverage (mean 300X, depending on platforms and 

number of analyzed samples) for the entire analyzed 

panel and specific regions refractory to NGS can be 

sequenced by Sanger sequencing, in order to cover the 

gap and to validate the NGS data [18,19]. So far, targeted 

resequencing has been adopted to develop tests for 

genetic disorders, such as non- syndromic deafness 

[20,21], common and heterogeneous diseases, such as 

hypertension and diabetes [22], or in traditional 

cytogenetic and Mendelian disorder diagnosis [23,24]. 

The main limitation of targeted sequencing is the rigidity 

of testing only a selected number of genes. Since the 

genetic field is rapidly evolving, new genes may be 

associated with a clinical phenotype and as such 

redesigning and revalidation of the panel is needed 

[13,16]. 

On the contrary a clear advantage of the use of targeted 

panel is the reduction of number of incidental findings 

and/or the number of variants of unknown significance, 

that will be discuss later in this review. 

On the other hand, the benefit of WES is testing a greater 

number of genes, even if, in practice, complete coverage 

of all coding exons is infeasible. The WES application may 

be useful, for example, in negative cases in targeted 

sequencing or in a rare disease, especially in exploiting 

trios approach. Indeed, it allowed the identification of 

genes responsible for the dominant Freeman-Sheldon 

syndrome, the recessive Miller Syndrome and the 

dominant Schinzel-Giedion Syndrome [25]. 

However it is important to keep in mind that about 10% 

of targeted bases sequenced in WES do not get the 20 

read depth [26], required for clinical confidence and 

interpretation, and approximately only 85% of genes 

associated to human diseases into the principle database 

(OMIM) receive the adequate coverage [27]. 
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Poor coverage in WES can due to several fac- tors: probes 

that are not tiled for particular genes probably not 

included during assay development or because repetitive 

sequences prevented inclusion or poorly performing 

probes owing to GC-richness and low mapping quality 

[6]. 

However it is important to consider that both of these 

approaches can significantly reduce costs and turn-

around time for a genetic test [13]. 

THE MAIN ISSUE OF NGS: 
THE INTERPRETATION OF GENETIC DATA FOR A 

CLINICAL UTILITY 

In the NGS process one limiting step is without doubt the 

complexity of genetic variation interpretation in whole 

exome, due to the presence of thousands of rare single 

nucleotide variations without pathogenic effect. 

Moreover, in the majority of human diseases the 

pathological phenotype may be caused by a pathogenic 

rare mutation with a strong effect or it may be caused by 

a co-presence of multiple genetic variations [28][29]. 

Reliable interpretation of the multiple and de novo 

variants identified through NGS will re- quire additional 

experience and validation be- fore it reaches the clinical 

stage on a large scale, particularly for diagnosis of 

complex traits [30]. In the recent past, genetic data did 

not drive diagnosis but had a primarily confirmatory role. 

Today the major challenge is to convert pathogenic 

genetic data into a primary diagnostic tool that can shape 

clinical decisions and patients management [31]. 

Actually, the interpretation of genetic variants is based 

on criteria published by the American college of medical 

genetics and genomics (ACMG). The ACMG recommends 

that the vari- ants be allocated to one of the categories 

re- ported below [32]: 

a. disease causing (class V): the sequence 
variation is previously reported and 
recognized as causative of the disorder; 

b. likely disease causing (class IV): the sequence 
variation is not previously reported as 
expected to cause the disorder, frequently in a 
known disease gene; 

 

c. variant of unknown clinical significance (VUS; 
class III): the sequence variation is unknown or 
expected to be causative of disease and is 
found to be connected with a clinical 
presentation; 

d. likely not disease causing (class II): the 
sequence variation is not previously reported 
and it is probably not causative of the 
pathology; 

e. not disease causing (class I): the sequence 
variation is already reported and documented 
as neutral variant. 

f. Moreover, most of these classes of variants are 

subject to supplementary interpretation focusing 

on literature reported, population frequencies, 

clinical findings, mutation databases and possibly 

case-specific research data [31]. The principal 

human variant databases are useful to annotate 

both common and pathogenic variants, such as 

dbSNP, gnomAD or ExAC database (Exome 

Aggregation Consortium) [33], and to classify 

variants previously associated with hu- man 

disorders, such as Human Gene Mutation Database 

(HGMD) [34] and ClinVar. 

The variants of unknown significance (VUS) rep- resent a 

problem for the interpretative process. Indeed it is known 

that hundreds of loss of function variants with unknown 

clinical significance are present in each individual’s 

genome and to- day their prioritization remains a primary 

challenge [35]. In some cases, the interpretation of VUS 

can be useful in commencing the segregation analysis in 

large families including affected members or the 

identification of the occurrence of de novo variation in the 

affected patient. Unfortunately, in many cases the 

interpretation of VUS remains unresolved and its 

identification cannot be used for the clinical management 

of patients and families [29,36]. 

Until now few clear guidelines are published for the VUS 

interpretation [36]. Today, in order to try to assign a 

pathological score to VUS, it is important to consider, for 

example, its allelic frequency in a control population (1000 

Genomes or exome sequencing project consortium 

[ExAC]), the amino acidic conservation, the predicted 

effect on protein function and the results of published 

functional assay [37,38]. 
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Up to now in silico prediction algorithms, such as Polyphen, 

Sift, Mutation Taster or UMD predictor, have been 

developed and they are widely used for the missense 

variants interpretation [37]. However, they present some 

intrinsic caveat and limitations, affecting their specificity 

and sensitivity, that can lead to possible false-positive and 

false-negative interpretations [39]. Another existing 

problem involves the allelic frequency, that is mainly 

estimated from the 1000 Genome project and ExAC, that 

represents only a fraction of the worldwide population, so 

the declared allelic frequency available is not stratified 

according to the real population groups [29]. 

Since the problem of the management of VUSs is not yet 

resolved, it would be fundamental to collect and share 

VUSs and available clinical data, allowing a progressive and 

definitive classification of these variants, as deleterious 

(class V) or neutral ones (class I) [29,30]. Another important 

challenge of the use of NGS approach in clinical diagnostic is 

the management of the amount of data generated [40]. 

Indeed generation, analysis and also storage of NGS data 

require sophisticated bioinformatics infrastructure [41]. 

A skilled bioinformatics staff is needed to man- age and 

analyze NGS data, and so both com- puting infrastructure 

and manpower impact on costs of NGS applications in 

clinical diagnostics. Bioinformaticians are to be mandatory 

in the organization chart of clinical laboratories in the NGS 

era, where they have to closely collaborate with clinicians 

and laboratory staff to optimize the panel testing and the 

NGS data analyses [42]. Bioinformatics has been recently 

defined as the discipline that develops and applies 

advanced computational tools to manage and analyze the 

NGS data. Bioinformatics pipeline developed for NGS are 

aimed to convert the raw sequencing signals to data, data 

to information, and information to knowledge [43]. 

This process can be developed in three different steps - 

primary, secondary, and tertiary analyses [44]: 

• The primary analysis is the process of raw data 
produced by NGS instruments, 

• the secondary analysis is the alignment to a 
reference sequence and the calling variants and, 
finally, 

• the tertiary analysis is the confirmation or validation 
of detected variants, providing evidence to facilitate 
interpretation [41]. 

 

All clinical bioinformatics systems require these three 

steps that should be properly validated and documented. 

In particular, it requires determination of variant calling 

sensitivity, specificity, accuracy and precision for all 

variants reported in the clinical assay [44]. The quality 

criteria of the performed sequencing test have to be 

described on the report for clinicians and patients. In 

particular, it is needed to declare the sensitivity and 

specificity of the techniques used considering both 

technical and bioinfor- matics parameters. It is important 

to report which target region was not sequenced, the 

number of reads obtained, the quality of the sequence, 

the limitations of the chosen sequencing method and of 

the settings of used bioinformatics pipeline [16,45]. 

ETHICAL CONSIDERATIONS AND MANAGEMENT OF 

INCIDENTAL FINDINGS 

The development and the widespread use of NGS in 

clinical laboratories are paired with de- bate on the ethics 

for reporting incidental findings [46,47]. In 2013 the 

ACMG has highlighted the question of the incidental 

findings (IF), defining them as “genetic variations 

identified by genomic sequencing but not related to the 

dis- ease being investigated” *48+. According to the 

European Society of Human Genetics (ESHG) guidelines, 

the targeted diagnostic testing should be performed 

minimizing the likelihood of detecting incidental findings, 

focusing only on genes clinically actionable [49]. It means 

that genetic testing should aim to analyze the causative 

genes associated to the primary clinical questions, even if 

a broader panel of genes or the whole exome sequencing 

has been performed [49]. It is the role of responsible 

clinicians requesting the test to disclose an incidental 

finding to a patient, not the role of the clinical laboratory. 

The impact of the IF determines how the genetic finding 

should be disclosed or not to a patient, also to avoid 

unwarranted psychological stress. In particular, if it can 

bring minor consequences or if a clinical intervention is 

possible, then the variant should be reported.On the 

contrary, if the variant is associated to a late onset 

disorder or has major consequences, Counselling and 

consent will determine if and when the variant can and 

should be reported to the patient [36]. This implies that 

genetic tests should be ordered by medical 

professionals who are capable of performing 

appropriate Counselling [50]. For that reason, the 

Counselling and the informed consent are critical steps. 
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There is a difference between recording and reporting a 

variant, as well as between who receives this information, 

clinicians or patients, and when. When a variant is 

reported to a clinician, it does not mean that it will be 

revealed to patient. Indeed, the clinician should evaluate 

the impossible clinical implication of this information, 

based on the clinical history of patient. For example, the 

impact of an IF in a case without a known family history 

for a specific disorder is different from the case in which 

the patient is already aware of a preexisting familial 

condition. 

Another interesting example is the acute neonatal care, in 

which immediate reporting of all Ifs to patients’ families 

may not be appropriate and the genetic information may 

be reconsider later in baby’s life. Similarly, the report of 

IFs may be postponed in cases where parents or patients 

are given a diagnosis linked to poor prognosis or in case 

of post-mortem genetic testing. Additional contexts in 

which the reporting of incidental findings may have an 

influence on the patients management are carrier testing, 

prenatal diagnosis, pharmacogenetics testing and 

additional non-diagnostic testing such as medical 

research (dependent on the study design), forensic 

testing, parental and genealogical testing. In conclusion, 

the issue of IFs requires an appropriate pre and post 

Counselling to correctly inform the patient [16]. 

The widespread implementation of NGS ap- proach in 

diagnosis of human pathologies raises the problem of 

management of IFs and VUSs and it is needed to have 

clear guidelines for the handling of NGS data in the 

diagnostics approach (Figure 1). 

All clinical bioinformatics systems require these three 

steps that should be properly validated and documented. 

In particular, it requires determination of variant calling 

sensitivity, specificity, accuracy and precision for all 

variants reported in the clinical assay [44]. The quality 

criteria of the performed sequencing test have to be 

described on the report for clinicians and patients. In 

particular, it is needed to declare the sensitivity and 

specificity of the techniques used considering both 

technical and bioinfor- matics parameters. It is important 

to report which target region was not sequenced, the 

number of reads obtained, the quality of the sequence, 

the limitations of the chosen sequencing method and of 

the settings of used bioinformatics pipeline [16,45]. 

 

ETHICAL CONSIDERATIONS AND MANAGEMENT OF 

INCIDENTAL FINDINGS 

The development and the widespread use of NGS in 

clinical laboratories are paired with de- bate on the ethics 

for reporting incidental findings [46,47]. In 2013 the 

ACMG has highlighted the question of the incidental 

findings (IF), defining them as “genetic variations 

identified by genomic sequencing but not related to the 

dis- ease being investigated” *48+. 

According to the European Society of Human Genetics 

(ESHG) guidelines, the targeted diagnostic testing should 

be performed minimizing the likelihood of detecting 

incidental findings, focusing only on genes clinically 

actionable [49]. It means that genetic testing should aim 

to analyze the causative genes associated to the primary 

clinical questions, even if a broader panel of genes or the 

whole exome sequencing has been performed [49]. It is 

the role of responsible clinicians requesting the test to 

disclose an incidental finding to a patient, not the role of 

the clinical laboratory. 

The impact of the IF determines how the genetic finding 

should be disclosed or not to a patient, also to avoid 

unwarranted psychological stress. In particular, if it can 

bring minor consequences or if a clinical intervention is 

possible, then the variant should be reported. 

On the contrary, if the variant is associated to a late onset 

disorder or has major consequences, Counselling and 

consent will determine if and when the variant can and 

should be reported to the patient [36]. This implies that 

genetic tests should be ordered by medical professionals 

who are capable of performing appropriate Counselling 

[50]. For that reason, the Counselling and the informed 

consent are critical steps. 

There is a difference between recording and reporting a 

variant, as well as between who receives this information, 

clinicians or patients, and when. When a variant is 

reported to a clinician, it does not mean that it will be 

revealed to patient. Indeed, the clinician should evaluate 

the impossible clinical implication of this information, 

based on the clinical history of patient. For example, the 

impact of an IF in a case without a known family history 

for a specific disorder is different from the case in which 

the patient is already aware of a preexisting familial 

condition. 
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Another interesting example is the acute neonatal care, 

in which immediate reporting of all Ifs to patients’ 

families may not be appropriate and the genetic 

information may be reconsider later in baby’s life. 

Similarly, the report of IFs may be postponed in cases 

where parents or patients are given a diagnosis linked to 

poor prognosis or in case of post-mortem genetic 

testing. Additional contexts in which the reporting of 

incidental findings may have an influence on the patients 

management are carrier testing, prenatal diagnosis,  

pharmacogenetics testing and additional non-diagnostic 

testing such as medical research (dependent on the study 

design), forensic testing, parental and genealogical 

testing. In conclusion, the issue of IFs requires an 

appropriate pre and post Counselling to correctly inform 

the patient [16]. 

The widespread implementation of NGS ap- proach in 

diagnosis of human pathologies raises the problem of 

management of IFs and VUSs and it is needed to have 

clear guidelines for the handling of NGS data in the 

diagnostics approach (Figure 1). 

 

Figure 1 Advantages and challenges of the use of gene panel NGS testing and 

WES 

 

 

So far the application of WES in clinical diagnostics presents more open challenges (B) than targeted sequencing (A). 

 
CONCLUSIONS: 

Until now Sanger sequencing has been the gold standard 

in molecular diagnostics and it has been used in clinical 

testing method for Mendelian disorders, in which most of 

causative variants are identified in the principal causative 

genes. Since the rapid and incremental improvements in 

instrumentations, methodologies and throughput and the 

significant reduction of costs, the NGS technologies are 

being integrated into patient care and clinical 

management. NGS allows sequencing of all genes 

relevant to a given phenotype starting from a small 

amount of total DNA. In that way, the limitation factors 

are no longer the size of the gene or its causative 

contribution but the actual knowledge of the genetic 

basis of patient’s disease [6]. 

 

In the past, clinicians considered genetic tests with a 

marginal diagnostic value, only if a definitive diagnosis 

was not yielded or if it had implications on future family 

planning. Often the positive genetic test results did not 

influence clinical management of the patient. 

However today, with the potentiality of NGS, the parallel 

sequencing of large multi-genes panel, that may 

describe a broader range of phenotypes, the clinicians 

are changing their point of view on the role of the 

genetics in patients care. Indeed, nowadays the genetic 

testing may be useful for the evaluation of a clinical case 

and, if the result were to be positive, it may save time 

and money in identifying the etiology. 
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Today physicians often begin their clinical evaluations 

with the genetic tests. For example, the evaluation of 

patients with left ventricular hypertrophy begins with 

genetic testing, given that the genetic diagnosis is 

achieved in about 80% of hypertrophic cardiomyopathy 

cases [51]. 

The results of most targeted genetic tests may be 

available for clinicians in 2-8 weeks, which is an 

impressive improvement compared to the time taken for 

direct Sanger sequencing and the odyssey lived by some 

patients before to under- stand the cause of their rare 

disorder [6]. This strategy of approaching the clinical 

evaluation has also economically beneficial in patients 

without diagnosis [52]. 

The euphoria of the widespread use of the NGS 

applications to the clinical diagnosis is combined with the 

awareness of emerged challenges, such as the validation 

of large number of genetic variations detected, that can 

be IF or VUSs, the use of standardization processes in 

clinical diagnostics, the management of terabytes of data 

and variants interpretation. 

In the NGS approach, the analysis of data requires the 

development of a standard pipeline to process 

sequencing data. The flow chart analysis includes 

mapping, variant calling and annotation. Today there are 

various public database, such as dnSNP [53], the 1000 

Genome Project [54], ExAC, as well as several internal 

control databases. Targeted panel sequencing or clinical 

exome sequencing identifies several variations in each 

person, but as far there are no clear guidelines to filter 

variants and to delineate their possible pathological 

meanings. For this reason, the pathogenic validation may 

be the limiting step. Because of these considerations, it is 

important to apply the NGS approach in clinical 

diagnostics for that disorders of which the main 

causative genes have been identified. Indeed, in this case 

the genetic tests can successfully reveal a useful result. 

Moreover, another consideration involves the 

fundamental change of the figure of medical geneticist in 

the NGS era. Indeed, the NGS applications into diagnostic 

field can lead to useful results for patient’s care with 

genetic disorders. As such, the geneticists will become a 

pivotal part of the collaborative team of clinicians and 

their role will be fundamental for the clinical 

interpretation of NGS data to guide patient care [25]. 

 

Consequently, clinical medical geneticists have to 

complement their skills with expertise in the clinical 

interpretation of NGS data.  

Moreover we have to keep in mind that the medical 

geneticist has an important and crucial role also in the 

pre-test counseling, to deliver reliable information to 

patients [29]. Indeed it is important to clearly explain to 

the patient and his family the medical implications of 

the identification of a genetic alteration, regarding the 

degree of risk for a disease and also the significance of a 

possible negative results, both in pretest and in the post 

test counseling [29]. 

In meanwhile, the NGS approach becomes a 

cornerstone for the genetic diagnosis, a more efficient 

and powerful third-generation technologies are 

expected to further revolutionize genome sequencing 

[55]. The three commercially available third-generation 

DNA sequencing technologies are Pacific Biosciences 

(Pac Bio), Single Molecule Real Time (SMRT) 

sequencing, the Illumina Tru-seq Synthetic Long-Read 

technology, and the Oxford Nanopore Technologies 

sequencing platform. 

Third-generation sequencing was made feasible in part 

by increasing capacity of existing technologies and 

improvements in chemistry and  it allows to sequence a 

single nucleic acid molecule, eliminating the DNA 

amplification step, with a longer and easier mapping of 

sequencing reads with lower costs [55]. 

Moreover, the use of longer reads than the second-

generation allow to overcome the important limitation 

of NGS in copy number variation analysis (CNV) [56], 

even if these single-molecule sequencing approaches 

have to become even more robust for a wider use. 

Lastly, few years ago a new technique called Spatial 

Transcriptomics was developed and gave rise to fourth 

generation sequencing, also known as single-cell 

sequencing [55,57]. In this new technology, NGS 

chemistry is applied to the sequencing of nucleic acid 

composition directly in fixed cells and tissues providing 

a throughput analysis, opening great opportunity 

mainly for the analysis of tumor cells variability in situ 

[58]. In forthcoming future, it holds exciting prospective 

for research and new insights regarding genomic 

diagnostics. 
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at www.traineecouncil.org. There’s never been a better time to be a part of the Clinical 

Chemistry Trainee Council. 

    

    

Learn more about AACC > aacc.org  |  Join / Renew  |  Meetings  |  Artery 
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Dear Educator, 
  
Below, please find the links for this month’s Clinical Case Studies from Clinical Chemistry. These published versions include a 
discussion of the case, important points to remember, and comments from experts in the field. 
  

CLINICAL CASE STUDY 
A Rare Cause of Virilization, Short Stature, and Hypertension 
B. Chale-Matsau, T. Kemp, W. van Hougenhouck-Tulleken, M. Karsas, T. S. Pillay 
Clin Chem 2020 66 (12): p. 1489-1493 

  

COMMENTARIES 
Commentary on A Rare Cause of Virilization, Short Stature, and Hypertension 
F. Hannah-Shmouni, A. Don-Wauchope 
Clin Chem 2020 66 (12): p. 1493-1494 
 
Commentary on A Rare Cause of Virilization, Short Stature, and Hypertension 
J. Vercollone 
Clin Chem 2020 66 (12): p. 1494-1495 
  
If you have any problems with the links above, you can access the case and comments from the complete December 2020 Table of 
Contents. All previous Clinical Case Studies can be accessed here. 
  

As you know, these case studies are meant to be educational in nature and the questions provided are intended to stimulate 

discussion and develop problem-solving skills. 

  

We also send a new case and a series of questions 1 month in advance of publication. The January 

2021 issue will feature the case study: 

"Gastrointestinal Symptoms Followed by Shock in a Febrile 7-Year-Old Child during the COVID-19 

Pandemic” 

 

 Go to Clinical Chemistry’s Facebook page to see bonus discussion questions from the authors that 

won't appear in the final published version. 

 
We hope you find these cases interesting, useful, and enjoyable. If you have colleagues who would be interested in receiving the 
case studies by email, have them send the request to be added to the distribution list to clinchemed@aacc.org.   
We welcome the submission of interesting case studies. Instructions can be found here. 
  
Best wishes, 
Gary L. Horowitz, MD, Roy W.A. Peake, PhD 
Clinical Case Study Co-Editors 
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ACBI- CMC VELLORE EQAS ANNUAL REPORT 2019 - 2020 

DEPARTMENT OF CLINICAL BIOCHEMISTRY CMC – EQAS 

(UNDER THE AGEIS OF ACBI) 

ANNUAL REPORT 2019 - 2020 

Greetings from CMC, Vellore. 

It is my privilege to submit the report of the ACBI - CMC EQAS, Clinical Biochemistry, for the period from 2019 to 2020.  

This year  is the  42nd year of the ACBI-CMC EQAS – Clinical biochemistry  programme   and  I  am happy to  mention that  

the  vision and mission  for which  this  programme has  evolved  42 years  ago,   with 58 laboratories in  the year 1978, 

has  been   gracefully  taken  forward  to help  the  Indian  labs – very small, small,  medium,  large,   from  private sector,  

Government  hospital  labs  and PHC’s .  With   increasing awareness of  the importance of  Quality control  and  External 

quality  control   in medical labs in India,   the  participating labs have  increased  in the  last few years  and  as of the 

year  2020   we have  9500  lab participants registered  in 8 different  programmes,  7  of these  are accredited   

according  to the ISO 17043:2010  standards. There were approximately 2000 new registrations for the year 2020.   

       2016 2017 2018 2019 2020 

1 Chemistry I 2860 2962 3122 3493 3704 

2 Chemistry II 1716 1501 2581 3809 3394 

 Chemistry 111  - - - - 2126 

3 Thyroid& Cortisol 731 831 938 1145 1299 

4 Reproductive Hormones 328 407 447 562 635 

5 HbA1c 716 871 1012 1213 1400 

6 Markers for Downs screening 54 65 62 76 93 

7 Urine Chemistry 220 230 264 288 305 

8 Tumor Markers - - - 106 155 

 

Registration Fee for the year 2020 

There was no increase in the registration fee since 4 years after the last increase in 2017.  For the  year  2021, the  

registration  fee   for  some programmes   have been  increased  due  to various  expenses incurred such as  purchasing 

of  new lyophiliser,  cold room facility,  additional support staff and  increase in the price of reagents and consumables.  

However, some participating laboratories  expressed  their inability to  pay the  revised  amount  owing  to the Covid -19  

crisis  and on their request  a concession in the  registration  fee was  granted. 

 

The circular and brochure for the 2021 cycle were sent to all participating labs during the month of September 2020. 

The number of participants with online registration has increased gradually from 13.2 % in 2016,   to 65% for the year 

2020. 
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  NABL Audit: 

The NABL PT On-Site surveillance was conducted in Feb 2020 and continuation of accreditation in  accordance with ISO/ 

IEC  17043 :2010 was granted.   

New Equipment 

To cope with the increasing work load, few new equipments were newly added.  

 New lyophilizer   (15000 vials capacity) ,  Additional walk in cold room ,  Additional  Standby chiller unit . 

 

 Improvements in our EQAS programme: 

 January 2020 - Chemistry III programme introduced for only TN Govt. labs (2126 PHC’s) 

 2020 -  trial  run  for  Urine chemistry using  neat urine in different dilutions   and bulking agent  for proper efficient  

cake   formation   of  lyophilized material . 

 March 2020 - Tumor Markers programme accredited by NABL  

 Sept   2020 - NABL SYMBOL and CMC emblem inserted in  certificates .(as  required by  NABL) 

 Nov 2020 - NABL SYMBOL and CMC emblem inserted in monthly and yearly summary report 

Additions  and  changes  in the web site :  Monthly & Yearly summary report modifications: 

 January 2020 - New method and instrument wise configurations were introduced. 

 Analysis  of  results for all parameters  for all   programmes  was based   on  the  mean, SD and CV %  of  the  respective  

groups.  The scoring system used is SDI as according to ISO 13528:2015, statistical methods for use in Proficiency testing.  

The  analysis based   on analyser  groups  showed  the  actual performance  of the participating  labs  in that particular  

group, which  reflected on the  improvement  in the CMC EQAS  analysis.     

 

Conferences and workshops: 

Owing to COVID -19 crisis in India and the lockdown, we were unable to hold any workshops or attend any this year. 

Dr.Pamela  Christudoss  was  invited  as a  faculty   for  the  workshop on Quality control,  conducted by the Paramedical  

Association of India   at  Madurai,  Kumbakonam , for  Lab technicians  in Jan 2020. 

Participants’ feedback for the year 2019 

The feedback form was made   more user friendly with only few required questions. The filling of the form online was 

made compulsory for the participants before   uploading their January 2020 results. The response was 100 %. 

Challenges  faced during COVID -19 Pandemic year  2020  

Sample  dispatch  : Due  to lockdown  and   transport  restrictions,  the  second batch  of  EQAS sample  distribution was  

carried out  in  a  phased  manner ,i.e  state wise  with the help  of the local  Vellore  Head postal  dept.  Although the 

samples were dispatched late, we were able to   send them to containment zones during the month of May 2020.   

Uploading of results:  Extension of result submission dates was provided for  the participants  for uploading EQAS results 

for  the months of April until September,  extending 6 – 8 weeks beyond the usual closing date.  Messages by SMS, 

circulars, emails were constantly   sent to our participants. We  are  happy   to   mention that  we were  able to  receive  

80%  - 85 % of  result  submission as  compared to the  88-90% precovid times.     
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Future Plans: 

To include Urine Chemistry in the scope for Accreditation in the  following year . 

Pilot study for: 

 Cardiac markers :  CK, CKMB, TROP T ,  NT PROBNP ,   

 Trace metals ; Cu , Zn  

I take this opportunity to thank the ACBI Executive committee for the encouragement and support received all through 

these years. I also thank the participants for their feedback which has helped us improve our service.  A word of 

appreciation to our technical staff Mr. Manigandan, Mr. Saravanan, Mr. Ramesh who are involved with the large work 

load, to make the program run smoothly and to Mr. Sampath for the clerical help and to  the other support staff.  I am 

thankful to the administration of CMC, Vellore for their constant support all these years.  

Above all I thank God Almighty for this great opportunity given, to be associated with CMC EQAS. 

Dr. Pamela  Christudoss 

CMC EQAS Coordinator 

Professor & HOD  

Department of Clinical Biochemistry  

CMC, Vellore  
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Covid-hit 

NEWS FROM AROUND THE ʎCOUNTRY ………… 
                  Dear Members, with all physical conferences & CME’s on hold, we have had many virtual Seminars 
(Webinars) organized by various members and organizations. ACBI also provided auspices to SNIBE to host webinars 
on topics relevant to us. Below are some webinar souvenirs !!     
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LIST OF DONORS TO ACBI-BENEVOLENT FUND 

As on 01. 01. 2021 
 

1 Association of Clinical Biochemists of India 50,000 
2 Dr. B. C. Harinath, Prof. & Director, JBTDR Centre, Wardha 16,000 
3 Dr. S. P. Dandekar, Prof. & Head, Department  of Biochemistry, Seth G. S. Medical College, 

Mumbai 
1,000 

4 Dr. Sujata W.,  Biochemistry Deptt.,    PGI ,Chandigarh 1,000 
5 Dr. K. P. Sinha, Retd. Professor of Biochemistry, Patna Medical College, & Advisor 1,000 
6 Dr B N Tiwary – Patna 1,000 
7 Dr Uday Kumar – Patna 1,000 
8 Dr Anand Saran – Patna 1,000 
9 Anonymous Donor – Mumbai 5,000 
10 Dr Rajiv R Sinha – Patna 1,000 
11 Dr. Harbans Lal – Rohtak 2,000 
12 Dr. S. J. Makhija 1,000 
13 Dr. T. F. Ashavaid – Mumbai 3,000 
14 Dr T. Malati – Hyderbad 5,000 
15 Dr. Praveen Sharma – Jaipur 4,000 
16 Dr. K. L. Mahadevappa – Karnataka 1,000 
17 Dr. P. S. Murthy – Bangalore 5,000 
18 Dr. Geeta Ebrahim 1,000 
19 Dr. M.V. Kodliwadmath – Bangalore 1,000 
20 Dr. Harsh Vardhan Singh – Delhi 10,000 
21 Dr.  M. B. Rao –  Mumbai    3,000 
22 Dr Praveen Sharma, Jodhpur 30,000 
23 Dr. Tester F. Ashavaid, Mumbai 10,000 
24 Dr. Manorma Swain, Cuttack     3,000 
25 Dr. K. S. Gopinath – Bangalore 15,000 
26 Dr. Jayshree Bhattacharjee – Delhi 10,000 
27 Dr. K. K. Srivastava – Delhi 10,000 
28 Dr. Subir Kumar Das – Kalyani 10,000 
 

ACBI BENEVOLENT FUND 

AN APPEAL 

The Executive Council and GB were concerned to know the fact that one of our very senior members is suffering due to lack 

of money for his treatment and upkeep. For such situation many organizations have created ‘Benevolent’ fund to assist their 

members in dire need. We should also have compassion when any of our members are in need of help. Therefore the G.B. has 

decided to create a Fund to help our needy members and has sanctioned Rs. 50,000 from ACBI account for this fund. The IJCB Board 

has also decided to contribute Rs. 25,000. Many members have agreed to send money for the fund. Dr. B.C. Harinath has contributed 

Rs. 17000 which includes the money he got as recipient of ACBI-A.J. Thakur award for Distinguished Clinical Biochemist. Some have 

sent Rs. 1000 / 2000 /3000 as their contribution. 

I solicit your support and appeal you to send money for this noble work as much as you like. The money be sent to the Treasurer, 

Association of clinical Biochemists of India, Biochem-Lab, East Boring Canal Road, Patna - 800001 by bank draft in the name of “ACBI 

Benevolent Fund” payable at Patna. The names of Donors are published in  News Bulletin. 

  Dr. L. M. SRIVASTAVA 

  President 
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               ASSOCIATION OF CLINICAL BIOCHEMISTS OF INDIA 

MEMBERSHIP APPLICATION FORM 
 

(Please write in Capital or Type) 

 

 

1. Category of Membership Applied (tick the choice): Life/Associate Life/Annual/Sessional 

2. Name Dr/Mr./Mrs./Ms. : ……………………………………………………………………………………. 

                   Family Name                                                                                                 First name 

3. Sex :………………..   4. Date of Birth:……………..   5. Nationality: ……………. 

6. Academic Qualifications with Year: (attach Photocopies) 

7. Designation   : 

8. OFFICIAL ADDRESS: 

1. Department    : …………………………………………………………………………………………. 

2. Institution        :…………………………………………………………………………………………….. 

3. Address            : 

4. City                :………………………………………….      5. Pincode    :………………………………….. 

6. State               :………………………………… 

7. Telephone (with area code): ……………………………………………….. 

8. Fax (with area code): ……………………………………….              9. E-mail (CAPITAL): ………………………. 

10. Mobile: …………………………….. 

11. RESIDENTIAL ADDRESS: 

1. Address: …………………………………………………………………………………………………………………. 

2. City: ……………………………………….        3. Pin Code: ………………………………………………………….. 

4. State: …………………………………………    5. Telephone (with area code): …………………………………….. 
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6. Fax (with area code) : ………………………    7. E-mail (CAPITAL): …………………………………………. 

8. Mobile: …………………………………..  

9. Address for Communication:  Official OR Residential   (please tick the choice)   

10. Professional Experience (briefly) on separate page:        

Teaching/Research/Diagnostic:……….Years 

11. Field of expertise/ Areas of Interest :(1)…………………………………   (2) ……………………………….. 

12. Publications, if any:     Attach a list giving details of publications. 

13. Membership of other professional bodies, if any: …………………………………………………….. 

14. Any other relevant information (brief): (on separate page) 15. D.D. No……………………………………….. 

16.Date: ………………..     17. Bank: …………………………………….    Branch : ………………………….. 

Amount Rs: …………………. (Enclose the crossed D.D. for an appropriate amount drawn in favour of “Association of 

Clinical Biochemists of India” payable at Patna) 

Undertaking by the Applicant 

I have gone through the bylaws of the Association of Clinical Biochemists of India. If admitted as a member, I shall 

abide by the rules and regulations of the association. 

………………………..                                     ………………………………                     ……………………………. 

Signature of the Applicant                                          Date                                                      Place 

 

Recommendation by a member of ACBI (This is essential) 

I have verified the information given in these applications that are true to the best of my knowledge. He/She fulfils 

eligibility requirement for becoming a member of ACBI. I recommend that……………………………… be recorded 
that membership of the ACBI. 

Name & Signature of the Member………………………………..           Date: …………………………………… 

ACBI Membership No: ……………………………….                             Place ………………………………. 

 

(Disclaimer) 

I have no objection / I object* if my address and full details are put on the ACBI website at www.acbindia.org. 

 

Signature of Applicant                                                                   Date: ……………………………………… 

                                                                                                       *strike out whichever is not applicable 
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ADMISSIBILITY RULES 
ELIGIBILITY CRITERIA : Membership of the Association is open to teachers & research scientists in the discipline of 

Biochemistry, Clinical Biochemistry, Immunology, Pathology, Endocrinology, Nutrition, Medicine and other allied 

subjects in a medical institution and also to persons holding M.B.B.S., M.Sc.(Biochemistry or Clinical Biochemistry) and 

are engaged in research or practice of clinical Biochemistry in hospital  or in private laboratory. 

ASSOCIATE MEMBERSHIP: Those graduates who do not fit in the above criteria, but have an interest in Clinical 

Biochemistry are eligible to become Associate Members. 

CORPORATE MEMBERSHIP: A company dealing in biochemical and instruments for biochemistry laboratories can 

become corporate members. 

SESSIONAL MEMBERSHIP :  Those persons who are not members but want to attend ACBI National Conference and 

attend and/or present papers have to become Sessional Member. This membership will be valid for that conference 

only.  If he/she fulfils all eligibility criteria for membership and again pays the next years Annual membership fees, they 

will be admitted as Annual Member of ACBI.  

 MEMBERSHIP FEE: (a)  Annual Member – Rs. 600/- annually , (b) Life Member – Rs.5130/- ( Rs.5000/- once + Rs.30/- 

for L.M.certificate posting + 100/- I Card  (or Rs. 1800/- annually for 3 consecutive years.) (c) For persons residing in 

other countries – US $200/- (d) ASSOCIATE LIFE MEMBERS - Rs.5130/- ( Rs.5000/- once + Rs.30/- for L.M.certificate 

posting + 100/- I Card, (e) Corporate Member : Rs. 25,000/- one time payment. (f) Sessional Member – Rs. 600/-  (g) 

IFCC subscription (optional) -  Rs. 1500/- once.  

 

Prescribed fee should be paid by BANK DRAFT (Preferably on SBI) only payable to “ASSOCIATION OF CLINICAL 

BIOCHEMISTS OF INDIA” at PATNA.  NO CHEQUE PLEASE. Our Bank – SBI, Patna Main Branch, West Gandhi Maidan, 

Patna. Bihar. The completed application (along with enclosures ) & draft should be sent to Dr. Rajiv R. Sinha, General 

Secretary, ACBI, Biochem-Lab, East Boring Canal Road, Patna – 800 001, preferably by registered post.. 

PHOTOGRAPH: Please affix a passport-size photo on the form.   
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PROFORMA  

Members Identity Card 

Please type or write in CAPITAL Letters. 

1. Name: ………………………………………………………………….. 

2. Qualification: …………………………………………………………….. 

3. Membership Type : LIFE / ASSOCIATE LIFE / CORPORATE / HONORARY  

                                                  (will be filled up at Head office) 

4. ACBI Membership Number: …………………………………………. 

                                                 (will be filled up at Head office). 

5. Work Place (City): ……………………………………………………. 

6. State: ………………………………………………………………….. 

7. Date of joining ACBI: ………………………………………………… (will be filled up at Head Office) 

 

NEW MEMBERS : Filled up form to be posted along with the Membership application form. ID card charge   

                                 is included in LIFE/ASSOCIATE LIFE/CORPORATE membership fees. 

 

ALREADY A LIFE/CORPORATE MEMBER :   Kindly fill up the form, paste one photo and send along with DD  

                                                                            of Rs.100/-. 

Please Note: Photo Identity card of ACBI is mandatory for members to attend the Annual Conferences, all meetings and also for 

exercising  their voting rights. The charge for the ID card is Rs.100/-. Payment to be made by Demand Draft to “Association of 

Clinical Biochemists of India” payable at “PATNA”. 

 

 

 

 

 

Please affix Stamp size 

Photograph.  

(Do not staple or pin) 

 

 

 

 

 

31 



 ACBI NEWS BULLETIN                                                                     

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

 

7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


