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Abstract 

Introduction  Alagille syndrome (ALGS) is a complex and rare autosomal dominant disorder that affects multiple sys-
temic organs, including the liver, heart, kidneys, blood vessels, and eyes. However, as a rare disease, adult ALGS is still 
underrecognized clinically. The aim of this article is to review the research status and trends of adult ALGS worldwide 
in the existing literature.

Methods  The authors utilized the Web of Science Core Collection database to identify articles on adult ALGS pub-
lished from the database inception to December 31, 2023. The authors used bibliometric methods to analyze authors, 
institutions, countries, journals, and references of 156 included articles.

Results  The number of publications in this field has shown a volatile growth trend. The United States published 
the most articles and University of Pennsylvania is the leading institution in this area. The research on adult ALGS 
mainly focuses on molecular biology, genetics, health, nursing and clinical medicine. The keywords were “human jag-
ged1,” mutations” and “children”. The keyword with the strongest citation burst is “children”.

Conclusions  Our study systematically summarizes the results of adult ALGS researches, describes and predicts 
research hotspots and trends on a global scale, which may be helpful for clinicians and researchers to improve their 
clinical understanding of this disease, and provide a valuable reference for future intensive investigation.
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Introduction
Alagille syndrome (ALGS) is a complex and rare auto-
somal dominant genetic disease that involves multi-
ple system organs, including liver, heart, kidneys, blood 
vessels, eyes, etc. Alagille syndrome was first reported 
in 1969 by Alagille et  al. [1] and was proposed again in 

1975 alongside diagnostic criteria establishment [2]. 
ALGS is generally considered a childhood disease, and 
the majority of research has been carried out among 
pediatric patients. Molecular studies have addressed that 
the disease is attributed to active disease-causing gene 
mutations in the intercellular NOTCH signaling pathway-
JAGGED1 (JAG1) and NOTCH2, most commonly JAG1 
mutations (ALGS type 1), but in a fraction of subjects 
manifested as NOTCH2 mutations (ALGS type 2). Those 
mutated genes are inherited in an autosomal dominant 
manner with incomplete penetrance, which leads to a 
highly variable disease phenotype, organ involvement 
as well as disease severity [3–5]. ALGS is often misdiag-
nosed in adults due to lacking of awareness and hetero-
geneous clinical manifestations. However, some studies 
have shown that about 90% of children with ALGS sur-
vive after 18  years of age irrespective of cholestasis [6]. 
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Therefore, in fact, adult patients with ALGS are not 
uncommon pertinent to incidence, and ALGS should 
not be conceptualized as only a childhood disease. Taken 
together, it is of great significance regarding the early 
diagnosis, effective treatment and prompt intervention 
against ALGS in adults.

Bibliometrics is a methodology for analyzing the extant 
literature. It examines the output and status of publica-
tions within a specific research field from both quantita-
tive and qualitative perspectives. Over time, bibliometric 
analysis has emerged as one of the most widely adopted 
approaches to evaluate the credibility, quality, and impact 
of academic works [7, 8]. Although bibliometrics is not an 
infallible technique, it serves as a valuable tool for guid-
ing funding agencies to allocate resources and identify 
areas within disciplines that may be under-researched. It 
enables researchers and scholars to gain deeper insights 
into the academic landscape, recognize emerging trends, 
and assess the influence of different works within their 
respective fields [9].

At present, there is lacking of bibliometric analysis per-
taining to adult ALGS. This paper makes a preliminary 
evaluation, highlights prospect of the research status, 
addresses recent development and future perspective of 
adult Alagille syndrome by using bibliometric methods, 
and visualizes it with the purpose of providing informa-
tion and directing future clinical and scientific research 
in the context of ALGS.

Materials and methods
Database and search strategy
We enter the subject terms into the Web of Science 
(WOS) Core Collection TS = (adults) OR TS = (adoles-
cence) OR TS = (“grow up”)) AND (TS = (Alagille) OR 
TS = (“Alagille Syndrome”) OR TS = (ALGS). The search 
period is from inception of the Web of Science data-
base to December 31, 2023. The literature types were 
restrained to article and review, and the inclusion crite-
ria were: related studies investigating the pathogenesis, 
etiology, incidence, prevention, diagnosis, treatment and 
prognosis in the context of adult ALGS. The study design 
type was not limited. Exclusion criteria: ① ALGS in chil-
dren alone and literature irrelevant to adult ALGS; ② 
Repeatedly published literature, conference papers, dis-
sertations, news and newspapers, etc.

Data analysis
The title, author, year of publication, country, institu-
tion, keywords, citations, abstracts, and references are 
obtained from the WOS database. The downloaded file 
is in plain text format. Microsoft Excel 2019 was used 
to count the publications’ numbers, literature types 
and journal sources of adult ALGS. VOSviewer1.6.20, 

Charticulator and ArcMap10.8 were used to visualize the 
national and regional distribution, cooperation and key 
words of adult ALGS-related researches. Cluster analy-
sis of co-cited literature was performed using Cite Space 
6.3.R3.

Results
Analysis of the numbers of publication
One hundred sixty-five articles were retrieved from WOS 
database, excluding repeated articles, conference papers, 
dissertations, news and newspapers. Finally, 156 articles 
were involved, consisting of 52 reviews (33.3%) and 104 
articles (66.7%) in addition to 15 case reports (9.6%). The 
numbers of literature regarding adult ALGS have been on 
the rise since 1975 when looking into the general trend, 
which can be roughly divided into three development 
stages with distinct characteristics as follows: ① From 
1975 to 1995: Since 1975, ALGS was put forward again 
and diagnostic criteria was established. ALGS was usually 
considered as a childhood disease, thus the most studies 
focused on children. Reports on adult ALGS were very 
rare. ② From 1996 to 2006, the numbers of literature in 
relation to adult ALGS increased slightly compared with 
the previous period, with the numbers of publication 
fluctuating between 1 and 4 per year. ③ From 2007 to 
2023, the overall literature on adult ALGS showed a vola-
tile increase compared with before, with the maximum 
number of publications per year being 13 (Fig. 1).

Analysis of the literature co‑citation
We analyzed 367 co-cited literatures, performed clus-
ter analysis through Cite Space, and adopted LLR algo-
rithm. N is the total number of nodes and E is the total 
number of connections in the network, indicative of the 
co-cited relationship; Network density indicates how 
tightly connected nodes are. A total of nodes N = 367, 
connection E = 889, network density 0.0132, four effec-
tive clusters were obtained by clustering, and the mod-
ule value Q = 0.9104 and the contour value S = 0.9574 
of the clusters were obtained, which showed that the 
clustering structure was significant and convincing. The 
research content of the co-cited literature covers clus-
ters # 2 BIOCHEMISTEY & MOLECULAR BIOLOGY, 
# 3 CELL BIOLOGY, # 4 UROLOGY & NEPHROL-
OGY, and # 5 GASTROENTEROLOGY & HEPATOL-
OGY. The smaller serial number of cluster represent 
field with more co-citations included. Journals in field 
of BIOCHEMISTEY & MOLECULAR BIOLOGY have 
the most co-citations. Among them, McDaniell [5] 
published a very important paper in AMERICAN 
JOURNAL OF HUMAN GENETICS with important 
influence in this field (Fig. 2A). It can be seen that the 
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number of citations of literature published from 2000 to 2014 is significantly higher than that of previously 
published literatures, which may indicate that the 

Fig. 1  Distribution annual numbers of publication of research literature on adult Alagille syndrome from 1975 to 2023

Fig. 2  Visualization map of literature co-citation clustering (A) and timeline (B). The dual-map overlay of journals related to adult Alagille syndrome 
(C)
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quality of articles published during this period is higher 
than before (Fig. 2B).

Analysis of the source distribution
In order to facilitate researchers to inquire about relevant 
research results and obtain the latest research progress in 
this field, we analyzed the journals included in the litera-
ture sources. The most published journal is HEPATOL-
OGY, which is a Zone 1 professional journal in the field 
of liver diseases. It mainly publishes original and peer-
reviewed articles on various aspects of liver structure, 
function and diseases. Since its founding in 1981, it has 
been indexed in well-known retrieval systems in domes-
tic and overseas such as SCIE (Science Citation Index 
Extension Board). The second place is JOURNAL OF 
PEDIATRIC GASTROENTEROLOGY AND NUTRI-
TION, followed by CIRCULATION RESEARCH and 
GASTROENTEROLOGY with 5 articles, respectively. 
The total numbers of citation covering these 159 litera-
tures in the field is 10,623, the average number of cita-
tions is 68.1, and the h-index is 52 (Table 1).

We employed a dual-map overlay atlas through Cite 
Space. In Fig.  2C, the citing journal was represented by 
the geographic area on the left side, and the cited journal 
was represented by the map on the right. The connection 
line served as the relationship between the citing journal 
and the cited journal. The thicker shades of connection 
line represent literature with closer relationship between 
the two fields. The research on adult ALGS mainly 
focuses on molecular biology, genetics, health, nursing 
and clinical medicine.

Analysis of author and institution
The visualization map of the cooperation network pub-
lished by the authors and the institutions was shown in 
Fig. 3. The authors who have published ≥ 3 articles were 
shown in Table 2, referring to Kathleen M Loomes, Binita 
M. Kamath, and Nancy B. Spinner with the specific arti-
cles number published as 7, 6 and 5, respectively. Among 
them, Kathleen M Loomes was the author who published 
the most articles and co-published articles with other 
authors. The involved literatures were from a total of 281 

institutions. The institutions that have published 5 or 
more articles were the University of Pennsylvania, Chil-
dren’s Hospital of Philadelphia, Kings College London, 
the University of Birmingham, Kings College London 
Hospital and the University of California, Los Angeles 
(Table  3). Among them, the University of Pennsylvania 
had the largest numbers of article published, the num-
bers of citation and cooperation with other institutions 
also ranked first.  

Analysis of the geographical of countries
Figure  4 shows the participation of 21 countries and 
regions we have analyzed in the geographical distribu-
tion of global publications in the realm of adult ALGS. 
The United States has published the most studies in this 
field (79 articles), followed by the United Kingdom (30 
articles) and Germany (15 articles) (Fig. 4A). Many coun-
tries have also reported scatter cases of adult ALGS. In 
terms of the numbers of case reported, the United States 
still ranks first (7 articles), followed by Japan (3 articles) 
and the United Kingdom (2 articles). China, Germany, 
Ireland, Italy, Poland and South Korea each have one case 
report (Fig. 4B).

By drawing the macro-country cooperation network 
(Fig.  4C) and analyzing the distribution and coopera-
tion of research forces in the field of adult ALGS from 
1975 to 2023, it can be seen that the United States, the 
United Kingdom, and Germany, which ranked among the 
top three in terms of published articles, were not solely 
completed by themselves. In addition to related research, 
they were also actively cooperating with other countries 
and institutions. China has also made some research pro-
gress in this field, but there were few related studies and 
case reports released, which showed that China lacked 
relevant leading institutions, had little cooperation with 
other countries, and its collective advantages were not 
obvious.

Analysis of keywords
Keywords can reflect the topic of an article by summa-
rizing its research focus and essentials. Therefore, key-
words with high frequency can represent hotspots of 

Table 1  The top 5 journals related to adult Alagille syndrome research from 1975 to 2023

Journal Name Number of articles published Percentage (%) Impact 
factor 
(2024)

HEPATOLOGY 10 6.41 12.9

JOURNAL OF PEDIATRIC GASTROENTEROLOGY AND NUTRITION 6 3.85 2.4

CIRCULATION RESEARCH 5 3.21 16.5

GASTROENTEROLOGY 5 3.21 25.7

CURRENT TOPICS IN DEVELOPMENTAL BIOLOGY 4 2.56 5.242
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Fig. 3  Network visualization map of the authors (A) and institutions (B) collaboration
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research in this field. In this study, VOS viewer was used 
to visually analyze the 156 involved articles. Among the 
936 keywords in the collinear network, we selected 58 
keywords with frequencies more than 5 times. The top 
5 keywords according to the total link strength were 
Alagille-syndrome, human jagged1, mutations, human 
Alagille syndrome, children (Table  4, Fig.  5). It can be 
seen that the research hotspot of adult ALGS is the muta-
tion of related genes, and even in the literature related 
to adult ALGS, the keyword children is still a high-fre-
quency word. Adult ALGS often occurs in childhood and 
is closely related to childhood ALGS.

Discussion
ALGS is a complex and rare autosomal dominant genetic 
disease that involves multiple systems as well as organs, 
including but not limited to liver, heart, kidneys, blood 
vessels and eyes. Since ALGS is also a rare disease in 
China, adult patients with ALGS are often misdiagnosed 
or overlooked due to a lack of awareness and significant 
clinical manifestations. Therefore, the diagnosis and 
treatment of ALGS is still a very important and open 
topic. This survey uses bibliometric analysis method to 
analyze the publication year, institution, country, citation 
and research direction of the existing literature related 
to adult ALGS in the WOS with the purpose of gaining a 
preliminary understanding of the current research status 
and trend in this field.

General information study
ALGS was first reported by Alagille et al. in 1969 [1] and 
its preliminary diagnostic criteria was established in 1975 
[2]. ALGS is generally considered a rare disease in chil-
dren, and reports concerning ALGS in adults is scant. 
It is until 1982 that 13 pediatric hepatologists from the 
United States and Canada, together with Dr. Alagille and 
his 8 colleagues from France, reported 15 children and 
young adults presenting different magnitudes of intra-
hepatic cholestasis, including two adult patients with 
ALGS [10]. ALGS is mainly caused by the mutations in 
two pathogenic genes, that is, JAG1 and NOTCH2. Its 
clinical manifestations involve multiple systems as well 
as organs such as the liver, heart, kidney, blood vessels, 
and eyes. However, the phenotype of ALGS is highly 

Table 2  Authors with ≥ 3 published articles

Author Number 
of articles 
published

Citation (times) Total link 
strength

Kathleen M Loomes 7 394 50

Binita M. Kamath 6 132 40

Nancy B. Spinner 5 404 31

Donal MacGrogan 4 458 9

Simona Hankeova 3 88 39

Freddy Radtke 3 241 23

Richard J Thompson 3 53 21

Klaus H Kaestner 3 253 20

Luke Boulter 3 658 17

José Luis de la Pompa 3 400 7

Fig. 4  Geographic distribution of global articles (A) and cases (B) on adult Alagille syndrome. Cooperation status of countries published research 
literature on adult Alagille syndrome (C)
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heterogeneous with a lack of typical symptoms in many 
patients, making it difficult to diagnose [3, 4]. In align-
ment with the development of molecular biology and the 
gradual understanding of its pathogenesis by clinicians 

and researchers, since 1996, the numbers of literature 
related to adult ALGS have increased slightly, with 1–4 
articles published every year. After 2007, the overall lit-
erature on adult ALGS showed a volatile increase, with 
a maximum of 13 articles published annually. Accord-
ing to the growth trend reflected by the curve showing 
the chronological distribution of literature pertaining 
to adult ALGS from WOS database, it can be antici-
pated that the research on adult ALGS will continue to 
increase, suggesting that adult ALGS has attracted inten-
sive attention as a rare disease.

From the perspective of the distribution of coun-
tries conducting research in this field, the top three are 
the United States, the United Kingdom and Germany. 
Among these countries, the United States has the most 

Table 3  Institutions with ≥ 5 published articles

Name of Institution Number of articles published Citation (times) Total link 
strength

University of Pennsylvania 14 1523 37

Philadelphia Children’s 8 978 24

Kings College London 6 281 31

University of Birmingham 6 239 19

Kings College Hospital London 5 190 18

University of California, Los Angeles 5 582 5

Table 4  The top 5 total link strength of literature with adult 
Alagille Syndrome from 1975 to 2023

Keywords Frequency (times) Total link 
strength

Alagille-syndrome 92 289

Human jagged1 29 144

Mutations 30 134

Alagille syndrome 34 133

Children 19 94

Fig. 5  Overlay and density visualization map of the keywords (A, B), and keywords with the strongest citation bursts (C). The color of the nodes 
indicates the average year of publication, from 1980 to 2013, when the color changed from dark blue to yellow. Keywords appearing in yellow 
fluorescent areas appear more frequently
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reported cases and documents issued through coop-
eration with other countries. From the perspective of 
the distribution of relevant research institutions, com-
pared to other countries, more publications of article 
with respect to adult ALGS derived from Britain and the 
United States, suggesting that European and American 
countries are in leading positions. The highly variable 
phenotype of ALGS, requiring diagnosis through specific 
genetic testing, may account for this phenomenon. Con-
sidering the rapid development of China’s economy and 
the progress of molecular diagnostics, ALGS, as a rare 
disease, has received increasing attention. In this regard, 
the actual prevalence of this disease is probably much 
higher than current findings according to epidemiologi-
cal investigations.

Based on the cited analysis of adult ALGS, most of the 
highly cited papers are classified into molecular biology, 
gastroenterology, hepatology, urology and nephrology, 
implicating that the clinical symptoms of adult ALGS 
often manifest in the urinary and the liver system. As a 
result, the research on its pathogenesis, clinical manifes-
tations and molecular diagnosis and treatment is of sig-
nificant value concerning reference and application.

Emerging trends, hotspots, and frontiers
Through bibliographic co-citation networks and key-
word clustering, a wealth of valuable information in 
the field of adult ALGS can be systematically collected. 
This encompasses, but is not limited to, the mechanisms 
underlying the development of ALGS, the diverse clini-
cal manifestations, disease prognosis, and cutting-edge 
treatment modalities. In the subsequent sections, we will 
thoroughly discuss the profound implications of these 
emerging trends and research hotspots contextually. 
Additionally, we will explore their potential impacts on 
future research directions, aiming to provide a compre-
hensive understanding and guide for further investiga-
tions among adult ALGS.

Research in molecular diagnostics
Regarding the investigations of ALGS among adults, 
molecular diagnostics has always been the focus. Both 
jagged1 and mutations account for the top position, 
which shows that genetic testing plays a pivotal role in 
the diagnosis of this pathophysiological entity. Stud-
ies have shown that among individuals with clinical fea-
tures of ALGS, pathogenic variants of JAG1 account for 
the vast majority (94%), while variants of NOTCH2 are 
rarely reported (2.5%) [11]. Simultaneous detection of 
the JAG1/NOTCH2 genes can identify 97% of the over-
all subjects [12, 13]. For patients with JAG1/NOTCH2 
gene mutations, ALGS can be diagnosed if they show 
one or more clinical features concurrently [14]. The 

heterogeneous clinical presentations of ALGS patients 
are, to a certain extent, contingent upon whether their 
condition is triggered by JAG1 or NOTCH2 mutations 
[15]. The incidence rates of liver-related symptoms, 
including cholestasis and bile duct paucity, are similar in 
patients with JAG1- or NOTCH2-associated ALGS. It is 
worth noting that compared ALGS with JAG1, patients 
with NOTCH2 variants have a lower penetrance of extra-
hepatic features, and they seem less likely to present with 
signs such as facial abnormalities, cardiac abnormalities, 
posterior embryotoxon, or butterfly vertebrae [6, 11, 14]. 
The JAG1-NOTCH signal transduction directly harnesses 
the development and homeostasis of the liver and the 
vascular system, exerting a significant impact on health. 
Currently, a great deal of research efforts has focused 
on the signal transduction mechanisms underlying the 
pathogenesis of ALGS and the genetic modifiers [16, 17]. 
In the future, it may be possible to regulate the intensity 
of the Notch signal by utilizing potential therapeutic anti-
bodies, small molecules, and antisense oligonucleotides, 
thus offering new hope for the treatment of ALGS.

Research on the changes of the patient population 
at different periods
The majority of information pertinent to adult ALGS 
case stems from subsequent follow-up studies mainly 
carried out in childhood period [6, 10, 18]. A large inter-
national study on the natural course of liver disease in 
children with ALGS shows that 66.0% of children with 
ALGS experience ≥ 1 adverse liver-related events before 
reaching adulthood, such as portal hypertension, liver 
transplantation, or death. Splenomegaly and thrombocy-
topenia occur in 65.8% of children with ALGS when they 
reach adulthood. The level of total serum bilirubin in 
children with ALGS aged 6 to 12 months has been identi-
fied as a predictor of long-term liver prognosis. A median 
total bilirubin level of < 5.0  mg/dl is significantly associ-
ated with a higher natural survival rate, and 79% of these 
children can survive to adulthood with their own livers 
[6]. Adult and pediatric patients with ALGS also exhibit 
distinct clinical manifestations. In children, ALGS typi-
cally presents during infancy or early childhood, often 
prompting medical consultation due to cholestasis. These 
young patients frequently experience growth retardation 
and intellectual development delays. Conversely, adult 
patients usually present with abnormal liver function as 
the initial symptom, with a relatively lower incidence of 
cholestasis. Moreover, adult patients often lack typically 
phenotypic features such as characteristic facial dys-
morphology, cardiac anomalies, and ocular abnormali-
ties, which are more commonly observed in pediatric 
cases. Compared with children, the disease progression 
in adults places relatively more emphasis on changes in 
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liver function and the development of complications, 
such as the risk pertaining to cirrhosis and hepatocellular 
carcinoma (HCC) [19]. HCC is considered a rare compli-
cation of ALGS. Unlike pediatric patients, in whom the 
occurrence of HCC is mostly associated with the back-
ground of cirrhosis, the onset and development of HCC 
in adult patients is mostly irrelevant to cirrhosis [20]. 
Adult patients with ALGS mostly visit gastroenterology 
and nephrology departments on account of some atypi-
cal symptoms/signs, further verifying the importance 
and necessity of genetic testing. It should be cautious 
especially establishing clinical diagnosis of atypical cases, 
while searching for the evidence of molecular diagnosis is 
highly recommended.

Research on potential treatment regimens
According to the results of our bibliometric analysis, the 
evidence supporting the treatment of ALGS in adults are 
limited. Although compare to children, the management 
of ALGS in adults is not expected to be different, the 
comorbidities in adults should be taken into account [14]. 
Treatment of ALGS in adult covers repairing the involved 
organs such as liver, kidney and heart. Cholestasis repre-
sents one of the most important clinical manifestations, 
therefore the treatment of cholestasis is essential and 
has received more attention. Supporting nutrition can 
improve mineral bone disease and metabolic dysregu-
lation concerning the cardiac systems [21], frequently 
occurring among patients with ALGS. Conventional 
pharmacological drug against cholestasis in the context 
of adult ALGS include ursodeoxycholic acid, antihista-
mines and fibrates. Notably, a novel approved drug for 
patients with ALGS is Maralixibat (MRX), an ileal bile 
acid transporter (IBAT) inhibitor, which can reduce the 
total bile acid pool size through interrupting the entero-
hepatic circulation of bile acids at the level of ileal entero-
cytes [22, 23]. Other surgical managements, such as 
external biliary diversion [24], liver transplantation [25], 
and the surgeries for relating organs can be applied in 
patients with serious scenarios [26].

Clinical implication
This study has clinical implication and practical signifi-
cance in the following three aspects: (1) Clinicians and 
junior researchers can effectively acquire basic knowl-
edge of ALGS by studying the research achievements 
of renowned authors and institutions introduced in this 
paper, thereby enhancing their scientific research pro-
ficiency and clinical skills. (2) Through journal overlay 
analysis, we can determine relevant research hotspots 
and suitable journals. This greatly facilitates research-
ers in seeking potential collaboration opportunities 
among global scientific research teams with respect to 

the sharing of rare disease cases and joint efforts to tackle 
key problems. (3) Through co-citation analysis and key-
word co-occurrence analysis, we can more precisely 
grasp the research trends related to adult ALGS, identify 
unresolved issues, provide a basis for the rational allo-
cation of scientific research resources, formulate more 
targeted policies, and accelerate breakthroughs in diag-
nostic technologies for rare liver diseases and progress in 
drug research and development.

Limitation
Our study also has some limitations. First, this paper only 
analyzes the research in the WOS, but excluding data-
base in Chinese and other language as they have limited 
functions for bibliometric analysis. This make the results 
of this study different from the actual situation, but does 
not affect the knowledge accumulation of the research 
status worldwide. Second, co-citation analysis may not 
be the best indicator to measure the value of literature as 
the new article are less likely to be cited. The co-citation 
frequency of literature in this research field in the past 
10  years is significantly lower than that of previous lit-
erature, which does not mean that these literatures are 
worthless or insignificant in this field. Additionally, there 
is linguistic bias since the literature selection is restricted 
to English-language publications only.

Collectively, this literature suggests that molecular 
diagnosis is indispensible in the context of adult ALGS 
contemporarily, however, there is knowledge gap regard-
ing its effective treatment. In the future, it is imperative 
to carry out high-quality, well-designed trials/studies 
concentrating on breakthroughs of therapeutic strategies 
against this entity.

Conclusion
Our study summarizes the results of adult ALGS 
researches, describes and predicts research hotspots and 
trends on a global scale, which may be helpful for clini-
cians and researchers to improve their clinical under-
standing of this disease, and provide a valuable reference 
for future intensive investigation.
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