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Summary  The  scope  of  the  Human  Disease  Insight  (HDI)  database  is  not  limited  to
researchers  or  physicians  as  it  also  provides  basic  information  to  non-professionals
and  creates  disease  awareness,  thereby  reducing  the  chances  of  patient  suffer-
ing  due  to  ignorance.  HDI  is  a  knowledge-based  resource  providing  information  on
human  diseases  to  both  scientists  and  the  general  public.  Here,  our  mission  is  to
provide  a  comprehensive  human  disease  database  containing  most  of  the  available
useful  information,  with  extensive  cross-referencing.  HDI  is  a  knowledge  manage-
ment  system  that  acts  as  a  central  hub  to  access  information  about  human  diseases
and  associated  drugs  and  genes.  In  addition,  HDI  contains  well-classified  bioinfor-
matics  tools  with  helpful  descriptions.  These  integrated  bioinformatics  tools  enable
researchers  to  annotate  disease-specific  genes  and  perform  protein  analysis,  search
for  biomarkers  and  identify  potential  vaccine  candidates.  Eventually,  these  tools
will  facilitate  the  analysis  of  disease-associated  data.  The  HDI  provides  two  types  of
search  capabilities  and  includes  provisions  for  downloading,  uploading  and  searching
disease/gene/drug-related  information.  The  logistical  design  of  the  HDI  allows  for
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regular  updating.  The  database  is  designed  to  work  best  with  Mozilla  Firefox  and
Google  Chrome  and  is  freely  accessible  at  http://humandiseaseinsight.com.
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in  genomics  and  information  technology,  we  have
entered in  an  exciting  era  of  modern  biology.  The
major  challenge  that  the  medical  science  commu-
nity is  presently  facing  is  the  integration  of  vast
and rapidly  growing  amounts  of  information  on  vari-
ous diseases  into  a  holistic  understanding.  Recently,
there has  been  considerable  progress  in  disease
genetics and  genome-related  medicine,  leading  to
the generation  of  extensive  data.  The  remarkable
approach adopted  by  the  Human  Genome  Project
[1,2]  making  human  genome,  transcriptome  and
proteome  data  publicly  available  through  online
databases has  facilitated  in-depth  investigations  of
disease genetics.

Currently,  databases  containing  information
about human  diseases  are  focused  predomi-
nantly on  a  particular  disease  category,  such
as all  known  Mendelian  disorders  described
in the  Online  Mendelian  Inheritance  in  Man
(OMIM) [3];  infectious  disease  information,
such as  that  found  in  the  Infectious  Disease
Biomarker Database  [4];  rare  childhood  diseases
(http://www.madisonsfoundation.org/index.php);
hereditary  ocular  diseases  (https://disorders.eyes.
arizona.edu);  dermatological  diseases  (http://
www.aocd.org/);  and  gastrointestinal  diseases
(http://www.gastro.net.au/).  Other  databases,
such as  the  Malaysian  National  Cardiovascular
Disease  Database  (NCVD),  give  an  overview  of
cardiovascular  disease  and  maintain  records  of
patients suffering  from  these  diseases  [5].  In  addi-
tion, the  Indian  Genetic  Disease  Database  (IGDD)  is
a mutation  data  repository  for  genetic  diseases  in
India; however,  the  information  stored  in  the  IGDD
is helpful  only  to  researchers  [6]. Another  database
that provides  information  about  autoimmune  dis-
orders is  the  Autoimmune  Disease  Database,  which
gives descriptions  of  autoimmune  disorders  and
links these  diseases  to  candidate  genes,  which  is,
again, a  database  that  useful  only  for  researchers
[7].  The  Comparative  Toxicogenomic  Database
(CTD) is  a  rich  resource  for  researchers  to  access
information about  the  etiology  of  environmental
diseases and  explore  chemical-gene  and  protein
interactions [8]. Such  attempts  have  contributed
enormously to  efforts  related  to  the  prevention,
diagnosis and  treatment  of  diseases  and  have
resulted in  the  development  of  new  approaches
to alleviate  the  consequences  of  life-threatening
illnesses.  However,  no  disease  database  providing
guidance related  to  bioinformatics  tools  and  infor-
mation available  to  members  of  the  non-scientific

public currently  exists.  Hence,  the  integration  of
information  on  all  human  diseases  from  different
categories within  a  common  place  has  become  an
important  issue  in  the  field  of  bioinformatics.
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In  recent  years,  the  scientific  community  has
een able  to  gain  information  through  a  num-
er of  useful  internet-accessible  resources,  in
ddition  to  text  books  of  biological  and  medical
nformation. In  the  database  development  field,
nternet-accessible  information  retrieval  systems
ave recently  become  popular  due  to  the  reduced
osts of  data  storage  and  transfer.  Vast  amounts
f biomedical  information  can  be  accessed  through
he World-Wide  Web  (WWW),  although  this  infor-
ation is  scattered.  Additionally,  the  heterogeneity

nd complexity  of  the  available  resources  means
hat some  information  cannot  be  retrieved  in  a
imely fashion.  Furthermore,  the  rapidly  growing
elds related  to  disease  information,  genomics  and
roteomics  databases  and  drug  discovery  and  the
xpeditious  development  of  computational  tools
o solve  biological  queries  necessitate  the  inte-
ration  of  all  of  these  information  sources  in  a
ell-organized  and  concise  database.  Over  a  period
f time,  advancements  in  diagnostic  evaluation  and
reatment have  emerged.  To  provide  the  commu-
ity with  the  most  recent  knowledge  on  human
iseases and  the  discovery  of  genes  involved  in
iseases, we  have  created  a Knowledge  Manage-
ent System  (KMS)  that  includes  information  on

arious categories  of  human  diseases,  the  drugs
sed to  cure  these  diseases,  and  the  genes  involved
n causing  these  diseases,  as  well  as  bioinfor-
atics tools  for  analyzing  the  genes  in  question.
he HDI  is  therefore  a  comprehensive  database
f human  diseases  belonging  to  various  categories
hat is  cross-linked  to  other  databases  to  retrieve
etailed information  on  genes,  drugs  and  tools.
he HDI  exhibits  broad  utility  as  it  renders  clini-
al information  for  physicians,  genetic  information
nd tool  classification  for  researchers  and  disease
escriptions  for  the  general  public.  Thus,  the  HDI
ims to  provide  a  better  understanding  of  human
iseases, genes  and  drugs,  as  well  as  their  relation-
hips  with  one  another,  and  allows  easy  retrieval
f information  through  its  user-friendly  web-based
pplications.

aterials and methods

verview of the database, HDI

he  Human  Disease  Insight  (HDI)  database  intro-
uces an  integrated  knowledge  base  of  diseases,
enes and  drugs  and  a list  of  bioinformatics  tools

ith a user-friendly  interface.  The  database
as developed  to  allow  simple  retrieval  of  dis-
ase/gene/drug information  and  exploratory
nalysis of  disease-specific  genes  within  a single

http://www.madisonsfoundation.org/index.php
https://disorders.eyes.arizona.edu/
https://disorders.eyes.arizona.edu/
http://www.aocd.org/
http://www.aocd.org/
http://www.gastro.net.au/
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Table  1  Summary  of  the  raw  data  included  in  the  HDI.

Sections  Entries  Numbers

Diseases

Diseases  of  the  Circulatory  System  24
Diseases  of  the  Digestive  System  14
Diseases  of  the  Eye  and  Adenexa  41
Diseases  of  the  Musculoskeletal  System  15
Disease  of  the  Genitourinary  System 15
Diseases  of  the  Respiratory  System 16
Diseases  of  the  Skin  and  Subcutaneous  Tissues 08
Disorders  of  the  Perinatal  Period 05
Endocrine,  Nutritional  and  Metabolic  Diseases  216
Hematological  Disorders  59
Infectious  Diseases  145
Malignant  Neoplasms  67

Drugs

Anesthetics  16
Anti-infective  Medications 56
Anti-allergics  and  Medicines  used  in  Anaphylaxis 8
Antidotes  14
Anti-epileptic  Drugs  7
Anti-migraine  Medicines  4
Antineoplastic  and  Immunosuppressive  41
Anti-parkinsonism  Medicines  02
Blood  products  and  Plasma  substitutes  10
Cardiovascular  Medicines  28
Dermatological  Medicines  17
Diagnostic  Agents  10
Disinfectants  and  Antiseptics  13
Diuretics  4
Gastrointestinal  Medicines  18
Hormones  and  Endocrine  Medicines  22
Immunologics  13
Medicines  Acting  on  the  Respiratory  Tract  06
Medicines  Affecting  Blood  10
Muscle  Relaxants  and  Cholinesterase  Inhibitors  05
NSAIDs  and  Antipyretics—Analgesics  13
Ophthalmological  Preparations  17
Oxytocics  and  Antioxytocics  07
Psychotherapeutic  Medicines 11
Solutions  Correcting  Water,  Electrolyte  and  Acid-base 09
Vitamins  and  Minerals  09

Genes  1440

Tools

DNA  Sequence  Analysis  33
Genomics  05
Modeling  09
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Protein  Structure  

ocation.  It  is  designed  to  assemble,  store,  organize
nd display  information  about  human  diseases,
enes associated  with  human  diseases  and  drugs
sed to  cure  diseases  in  conjunction  with  a  clas-
ified list  of  bioinformatics  tools  for  sequence
nalysis and  structural  protein  modeling.  The
DI currently  contains  information  on  625  human

iseases,  320  drugs,  1440  genes  and  a  classified  list
f bioinformatics  tools  (see  Table  1).  The  diseases
ave been  classified  into  12  categories,  and  each
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35

ategory  has  been  populated  with  disease  informa-
ion that  includes  synonym(s),  pathogens,  general
isease  descriptions,  genes,  clinical  features,
athways, investigations,  prevention,  treat-
ents,  risk  factors,  prevalences  and  references

9—11]  (http://www.nlm.nih.gov/medlineplus/,
ttp://www.medscape.com/).  Drugs  have  been

lassified into  26  broad  categories  [12]. The  assign-
ent of  genes  to  human  diseases  includes  links  to

he National  Center  for  Biotechnology  Information

http://www.nlm.nih.gov/medlineplus/
http://www.medscape.com/
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(NCBI)  [13]  and  the  Universal  Protein  Resource
(UniProt) [14]  databases  for  detailed  information.
Bioinformatics  tools  are  broadly  classified  into
4 main  categories,  and  each  category  is  then
categorized into  further  sub-categories  [15]. Each
entry in  the  list  of  tools  provides  a  brief  description
and an  external  link.  Information  collected  for
diseases,  drugs  and  genes  is  interconnected  in
such a  way  that  (i)  through  the  disease  option,
multiple genes  and/or  multiple  drugs  involved  in
a particular  disease  can  be  retrieved;  (ii)  through
the drugs  option,  the  number  of  diseases  for  which
a particular  drug  can  be  used  is  retrieved;  and  (iii)
through the  gene  option,  the  number  of  disease(s)
with which  a  particular  gene  is  associated  can
be displayed.  These  pieces  of  information  can  be
accessed  freely.  The  information  available  in  the
HDI is derived  from  various  resources,  including
electronic media,  articles  published  in  PubMed  and
text books  and  is  curated  and  updated  regularly.

Database structure

The  HDI  is  a  knowledge-based  data  warehouse  that
provides  an  integrated  and  curated  repository  of
human diseases  and  related  information.  The  clas-
sification  of  bioinformatics  tools,  together  with
descriptions  of  and  links  to  their  respective  web
pages,  assists  in  performing  research  analyses  of
gene/protein  sequences.  The  HDI  provides  a user-
friendly  web  interface  to  allow  the  user  to  retrieve,
download  and  upload  information  through  interac-
tive web  forms.  A  schematic  representation  of  the
logistics used  in  the  HDI  is  shown  in  Fig.  1

Software design and implementation

The  HDI  data  warehouse  was  developed  and
is executed  based  on  a  three-tier  architecture-
user/client  web-interface  and  a  relational  database
management  system  (RDBMS)  at  the  backend.  The
user/client  can  be  a  physician,  researcher,  stu-
dent and/or  member  of  the  general  public.  The
web interface  is  composed  of  web  pages  and  web
forms,  designed  in  HTML5,  CSS,  PHP,  JavaScript,
ajax, jquery  and  MySql  queries,  to  provide  a com-
mon gateway  interface.  At  the  backend,  we  have
created  data  marts  to  persistently  and  securely
store information  pertaining  to  human  diseases.
This database  has  been  dynamically  constructed,
and web  pages  and  web  forms  are  interlinked  with
the data  warehouse  created  at  the  backend  for

querying  the  database  as  instructed  by  the  end  user
through  button  clicks  and  drop-down  menus.  The
data warehouse  created  at  the  backend  is  a rela-
tional database  managed  by  MySql  and  developed
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n  the  Windows  operating  system.  For  web  ser-
ices, the  Apache  HTTP  web  server  is used.  Data
ining was  performed  to  retrieve  information  on

uman diseases,  genes,  drugs  and  tools  through
arious web  resources  and  text  books.  The  data
hus obtained  were  then  subjected  to  curation  and
ploaded  to  the  database.

The  framework  for  the  HDI  primarily  consists  of
ables containing  information  on  diseases,  drugs
nd genes  together  with  bioinformatics  tools.  Each
isease category  is  populated  with  a number  of  dis-
ases. Each  entry  in  HDI  provides  comprehensive
nformation  about  a  human  disease,  characterized
y its  synonym(s),  general  description,  pathogen,
nvolved  genes,  clinical  features,  pathways,  inves-
igations,  prevention,  treatment,  related  drugs,
revalence,  risk  factors  and  associated  references.
ach drug  category  is  populated  with  a  number  of
rugs together  with  descriptions  and  links  to  drug
atabanks  for  detailed  information.  Genes  involved
n human  diseases  are  collected,  and  related  links
o NCBI  and  UniProt  are  provided  in  a drop-down
enu to  retrieve  detailed  knowledge.  For  user  con-

enience, major  bioinformatics  tools,  together  with
heir descriptions  and  links,  are  classified  in  an
ffort to  provide  guidance  for  performing  specified
nalyses  of  genes/proteins.  The  HDI  can  be  freely
ccessed from  any  web  browser.

ata curation

nformation  is  stored  in  the  HDI  after  extensive  lit-
rature, web  and  text-mining,  followed  by  data
uration.  The  HDI  is  being  enhanced  through  con-
inued efforts  to  improve  disease  knowledge  and
he interlinking  of  disease,  drug  and  gene  tables
o obtain  optimum  information.  The  information
s made  available  to  the  user  after  an  extensive
ata-mining process.  The  knowledge  thus  obtained
s managed  in  a relational  database  through  cross-
inking to  fetch  the  data  stored  in  the  HDI  data
arehouse  and  via  cross-linking  of  web  resources

NCBI, UniProt  and  DrugBank).  Genes  related  to
uman diseases  are  included  in  the  database  and
re interlinked  with  disease  tables  to  obtain  the
ame(s)  of  disease(s)  governed  by  a  specific  gene.

nowledgebase access

DI  data  can  be  retrieved  efficiently  through  the
rop-down  menus  and  search  functions  provided  on
ach page  of  the  web  site.  The  user  can  access

lphabetically ordered  diseases,  drugs,  genes  and
ools through  a drop-down  menu.  Diseases  from
ifferent  categories  can  be  selected  through  a
rop-down  menu.  Clicking  on  ‘‘Disease’’  displays
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Figure  1  Schematic  representati

ome  of  the  stored  information  about  the  dis-
ase, together  with  a  ‘‘More’’  button.  Clicking  on
he ‘‘More’’  button  leads  to  detailed  information
bout the  selected  disease.  Similarly,  drugs  can
e selected  from  different  categories  in  the  drop-
own menu;  clicking  on  any  drug  will  provide  its
escription,  disease(s)  that  can  be  cured  by  the
rug and  links  to  a  drug  bank  for  details.  In  the  same
anner,  a  gene  of  interest  can  be  selected  from

he drop-down  menu,  which  will  display  a table

ith links  to  NCBI  and  UniProt  to  provide  detailed

nformation and  the  names  of  diseases  caused
y mutations  in  the  gene.  Two  different  search
oxes are  provided  for  user  convenience.  We  have

s
t
a
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f  data  entry  and  retrieval  in  HDI.

ncorporated  three  search  boxes  on  the  home  page
hat can  be  used  to  search  the  complete  data  mart
or diseases,  drugs  and  genes  individually  in  the  HDI
ata warehouse.  To  enhance  the  usability  of  these
earch boxes,  codes  were  written  to  provide  auto-
omplete  search  suggestions  to  the  user,  which  will
educe search  time  and  correct  spelling  errors.  An
xample showing  a  working  model  of  the  search
ox is  shown  in  Fig.  2  (Supplementary  Figs.  1—5,
escribing  the  main  web  pages  of  the  HDI).  Another

earch  included  on  each  page  is  a Google  search  box
hat searches  for  the  entered  term  in  the  database,
s well  as  on  the  web.  Our  web  site  includes  a
rovision for  downloading  and  uploading  published
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Figure  2  An  example  of  using  the  HDI  search  box.  (a)  Disease  search  box  showing  suggestions  for  selecting  the  desired
r.  (b
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disease  for  retrieving  information  by  typing  only  one  lette
disease  of  interest.

articles,  e-books  and  articles  related  to  diseases,
drugs and  genes  for  registered  users.  All  uploads
from users  will  be  updated  in  the  database  in  a
timely  manner.  For  registration,  a  signup  option
is provided,  and  a  registered  user  can  login  to
download  and  upload  related  information.  Medic-
inal and  research-oriented  news  will  be  e-mailed
to the  provided  by  the  user.  A  user  feedback  option
is provided  to  improve  the  database.  An  advertise-
ment option  is  provided  for  advertising  companies
to display  their  advertisements  in  the  space  of  the
web site  after  filling  in  the  form.  Furthermore,  the
database  is  connected  to  social  networking  sites  to
increase its  popularity.

Results and discussion

Database availability

The  database  can  be  accessed  free  of  charge  to
retrieve  data  on  diseases,  drugs  and  genes,  as  well
as tool-related  information.  Free  registration  is
required to  download  and  upload  related  content.

Salient features of the HDI

The  HDI  is  a  robust  knowledge  management  sys-
tem that  manages  data-mined  knowledge  through
cross-linking  of  data  marts  and  web  resources.  This
user-friendly,  data-intensive  repository  provides
the user  with  a  platform  to  retrieve  compre-
hensive disease-related  information  and  perform

gene/protein  sequence-based  analyses  using  direct
links to  classified  bioinformatics  tools.  The  HDI
allows  users  to  upload  content  to  improve  the
database.

a
d
n

)  Information  retrieval  page  accessed  after  selecting  the

omparison with other available disease
atabases

he  HDI  is  a unique  human  disease  database
ecause although  there  are  a  number  of  existing
atabases that  provide  information  for  a  particu-
ar category  of  disease;  however,  these  databases
re useful  only  for  clinicians  or  researchers.  Some
f the  existing  disease  databases  include  PedBase,
he Online  Mendelian  Inheritance  in  Man  (OMIM)
atabase, the  Indian  Genetic  Disease  Database,
he Global  Infectious  Diseases  and  Epidemiology
etwork (GIDEON),  the  Office  of  Rare  Diseases
esearch (ORDR)  database,  the  Dermatologic  Dis-
ase Database,  NeuroDnet  and  CADgene.  PedBase
http://www.pedbase.org/) is  a pediatric  disease
atabase that  provides  information  related  to  child-
ood diseases  that  is  only  for  clinicians.  The  OMIM
atabase  is  a  comprehensive  database  that  pro-
ides knowledge  related  to  human  genetic  disorders
3]. The  Indian  Genetic  Disease  Database  is  a
atabase  that  provides  information  on  mutations
n causal  genes  for  genetic  diseases  that  are  com-
on in  India  [6]. The  Global  Infectious  Diseases

nd Epidemiology  Network  (GIDEON)  presents  rel-
vant information  about  infectious  diseases  and
heir epidemiology  [16].  The  Office  of  Rare  Diseases
esearch  (ORDR)  database  is  a  database  registry  for
are diseases  and  disorders  linked  to  biorepositories
17]. The  Dermatologic  Disease  Database  (http://
ww.aocd.org/?page=DiseaseDatabaseHome) pro-
ides information  regarding  skin  diseases.  NeuroD-
et is  a database  that  provides  relevant  information
bout  signaling  molecules,  genes  and  proteins  and
heir interactions  for  constructing  neurodegener-

tive disease  networks  [18]. CADgene  provides
etailed information  on  genes  related  to  coro-
ary artery  diseases  and  tools  to  construct  gene

http://www.pedbase.org/
http://www.aocd.org/?page=DiseaseDatabaseHome
http://www.aocd.org/?page=DiseaseDatabaseHome
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etworks  but  does  not  provide  any  information
bout the  disease  caused  by  the  gene  of  interest
19].

Multiple  databases  have  been  created  to  address
roblems related  to  specific  disease  categories,
hich highlights  the  importance  of  compiling

nformation  on  all  human  diseases  from  various
ategories under  a  common  platform  for  analy-
is. This  issue  has  been  resolved  by  the  creation
f the  HDI,  which  contains  relevant  information
bout human  diseases  from  various  categories,
long with  descriptions  and  cross-references  of  the
enes involved  and  the  drugs  used  to  treat  them.
his database  contains  a  well-classified  list  of  com-
utational  tools,  along  with  descriptions  of  these
ools and  links  to  their  sources.  The  distinct  char-
cteristic  of  the  HDI  is  the  inclusion  of  information
n genes,  drugs  and  tools  to  aid  in  the  exploration
f human  diseases.  Additionally,  a  word-suggesting
earch engine  for  searching  diseases/genes  and
rugs is provided.  The  HDI  allows  users  to  down-
oad and  upload  relevant  content.  The  data  in  the
DI are  updated  regularly.  The  purpose  of  devel-
ping the  HDI  was  to  provide  a  simple  solution  to
llow physicians,  researchers  and  non-professionals
o extract  information  on  human  diseases,  genes,
rugs and  bioinformatics.  The  extensively  cross-
eferenced,  unified  information  provided,  together
ith the  facility  of  downloading  and  uploading
ontent in  a  user-friendly  manner,  make  the  HDI
nique.  Thus,  the  concept  of  HDI  is  different  from
hat of other  available  disease  databases.

uture directions

he  HDI  provides  optimum  information  required
or the  diagnosis  and  treatment  of  various  human
iseases. There  are  currently  625  diseases,  1440
enes,  320  drugs  and  82  tools  in  the  HDI.  The
nformation available  in  specific  fields  is  rapidly
xpanding. Our  aim  is  to  collect  a  complete  dataset
or human  diseases,  genes,  drugs  and  tools  and
o generate  an  integrated  platform  that  can  be
mployed  to  identify  genes  causing  human  disease.
e also  aim  to  integrate  various  bioinformatics

ools to  annotate  human  disease-specific  genes.  In
he future,  the  main  challenge  will  be  to  maintain
n up-to-date  dataset  with  the  growing  number  dis-
ases, genes,  drugs  and  bioinformatics  tools.
onclusion

he  HDI  offers  a  premier  platform  that  addresses
ll aspects  of  diseases,  including  their  history,
337

ymptoms,  causes,  epidemiology,  treatment,  pre-
autions, etc.  Moreover,  all  diseases  have  been
inked with  data  regarding  their  pharmacology  and
enomics  and  proteomics,  as  well  as  many  other  rel-
vant databases.  The  HDI  will  not  only  contribute
o a  greater  understanding  of  disease  and  provide
rimary  data  for  research  but  will  also  enable  the
dentification  of  interactions  among  various  dis-
ases through  comparisons  conducted  with  various
ools provided  in  our  database.  The  information
rovided by  the  HDI  will  lay  the  foundation  for
urther advances  in  disease  diagnosis  and  aid  in
he design  of  novel  approaches  for  diagnosing  and
reating diseases.  We  believe  that  with  the  enrich-
ent of  the  database,  users  will  be  able  to access

nformation  about  all  human  diseases.
Availability: This  database  is  available  at:

ttp://www.humandiseaseinsight.com.
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