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ABSTRACT
Vector-borne disease is an important public health problem. This disease is common in tropical areas and affects millions of 
people. The control and management of disease is an important consideration. Effective treatment is important in manage-
ment of patients infected with vector-borne disease. A common problem in therapeutic management of the patient is the lack 
of an effective drug. Therefore, it is necessary to find a new effective drug for managing vector-borne disease. To search for 
a new drug, new technologies are applicable. Bioinformatics technologies are useful in new drug search. Application of the 
bioinformatics technologies in new anti-vector-borne disease drug search is interesting. In this review, the author briefly dis-
cusses the use of bioinformatics technology in searching for natural products in vector-borne disease management. Concepts 
and examples of some important diseases are presented.
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Vector-borne disease is a group of medical disorders 
caused by vectors. It is an important public health 

problem. Vector-borne disease is common in tropical 
areas and affects millions of people [1, 2]. The disease 
has a wide clinical spectrum and can result in fatality. 
The control and management of the disease is an im-
portant consideration in global public health. Early di-
agnosis and prompt treatment are necessary for manag-
ing of a vector-borne disease.

Effective treatment is important in successful man-
agement of the patient infected with a vector-borne 
pathogen. At present, a common problem in therapeu-

tic management of the patient is the lack of an effective 
drug. Hence, it is necessary to find a new effective drug 
for managing vector-borne disease. To search for a new 
drug, there are many new useful technologies. Bioinfor-
matics technologies are applicable for new drug searches. 
Application of bioinformatics technologies for searching 
for new anti-vector-borne disease drugs is interesting. In 
this review, the author briefly discusses how bioinformat-
ics technologies are applicable for searching for natural 
products that might be useful for vector-borne disease 
management. Important concepts and examples of some 
important vector-borne diseases are presented.
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How Can Bioinformatics be Useful for Infectious 
Disease Treatment?
Bioinformatics was first described in 1988 by Lim H. 
Lim described bioinformatics as “a collective term for 
data compilation, organisation, analysis and dissemi-
nation”, which is an application of information technol-
ogy to help solve biological problems. Bioinformatics 
emerged after the completion of the genome project 
[3]. The influx of data led to requirement of new tech-
nologies for data manipulation, interpretation and 
clinical application. Bioinformatics is the new science 
that links biological and computational sciences [4]. 
The new hybrid science has become useful in medicine 
for many years.

Many molecular biological analyser, innovative com-
putational software and databases are useful for clarifying 
and predicting complex biological phenomena. Analysis 
of data by bioinformatics becomes a useful biomedical 
discipline in the post-genomics era.

There are many ways that bioinformatics might be 
applied in medicine [5]. In infectious medicine, several 
bioinformatics technologies are useful for diagnosis, 
treatment and prevention of diseases (Table 1) [5–13].

Natural Products in Vector-Borne Disease Management

Natural product is usually the target for new drug search. 
Many classical drugs in classical alternative medicine are 
classified as natural products. The role of traditional nat-
ural products, such as herbs, in management of tropical 

Highlight key points

• Vector-borne infection disease is still the important public 
health problem in many countries.

• Several natural products are proposed for their possible ad-
vantage in management of vector-borne disease.

• Bioinformatics technique can be useful in searching for natural 
products that have anti-vector-borne disease characteristics.

Bioinformatics techniques

Database search

Genomics

Proteomics

Expressional analysis

Chemoinformatics

Immunoinformatics

Interaction analysis

Details

Database is useful for collection of scientific data. Many databases are useful for new drug candidate 
identification. Database construction and search is usually the first step of bioinformatics drug searching.
Genomics is an analysis of gene and transcript within the genome and is an early step of bioinformatics 
analysis [6, 7]. There are many genomics methods that can help with gene finding analyses. Many 
genomics tools are online available and free for use. The genomics can help clarify genomic background 
of pathogen and help compare between pathogens.
For new emerging infection, genomics can help trace the origin of pathogen via phylogenomic approach. 
Additionally, genomics analysis can help predict new mutant of the pathogen.
Proteomics can help clarify protein structure based on its amino acid code. Similar to genomics, 
comparative proteomics can help homology analysis and tracing for divergent evolution of proteins [8, 9]. 
This is useful for tracking the evolution pathway of focused pathogen and help search for new drug targets. 
Structural proteomics technique can help analyze NMR and X-ray crystallography data. Identification of drug 
interaction within molecule is possible and thee process is useful for further interaction analysis.
Basic gene ontology analysis is useful for expressional analysis. Biological process, molecular function and 
cellular component prediction is based on gene ontology. Derived data are appliacable for further study 
on interaction of molecules [10, 11]. In silico mutation and hybridization can be simulated [12, 13].
Chemoinformatics involves in the design, creation, organisation, management, retrieval, analysis, 
dissemination, visualization and use of chemical information. Structural prediction, substructure search 
and similarity analysis of chemicals are useful for pharmaceutical application [5].
Immunoinformatics is useful for epitope identification. Either B cell or T cell epoitope can be predicted. 
In silico computational design for new vaccine candidate is possible.
Interaction analysis via interactomics is possible. In silico molecular docking is possible and is useful for 
predicting pharmacological reaction of new drug.

Table 1. Important bioinformatics techniques and application in management of infectious disease [5]
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vector-borne disease is very interesting. There are many 
ongoing researches on traditional herb effect on several 
tropical infections including vector-borne disease.

The well-known natural products proposed for their 
usefulness in management of vector-borne diseases in-
clude herbs and animal products. In traditional medicine, 
many herbs are mentioned for clinical usefulness in man-
agement of vector-borne disease. Some new drugs origi-
nate from traditional herb. The best example is qinghao, 
which has already been developed into new antimalarial 
drug [14, 15]. At present, Several natural products are 
proposed for possible usefulness in management of vec-
tor-borne diseases (Table 2) [16–19].

Bioinformatics Databases on Natural Products
At present, there are some bioinformatics databases on 
natural products that might be useful for searching for 
natural products in vector-borne disease management. 
The examples of bioinformatics databases on natural 
products are presented in Table 3 [20–24].

To derive advantage of database for drug search for vec-
tor-borne disease management, the first requirement is a 
good database construction. A well-constructed database 
should contain applications of medicinal chemistry, molec-
ular biology and pharmaceutical sciences [25]. Networking 
strategies should systematize large volumes of genetic and 

Diseases

Malaria

Dengue

Chikungunya

Zika virus infection

Details

Malaria is one of the most important vector borne diseases caused by Plasmodium parasite. Herbs are well 
described for usefulness in malarial treatment. Artemisin and artemisinin are two important drug developed 
from Chinese herb [15, 16]. Artemisia annua is the herb that is original natural product for development of the 
two mentioned new antimalarial drugs [16].
Dengue is another important vector borne disease. The standard treatment for dengue is fluid replacement 
therapy. Some natural products are proposed for possible usefulness in management of dengue. Kaempferia 
galanga L is an example of well-known traditional herb that is mentioned for its usefulness is dengue 
treatment [17].
Chikungunya is another important vector borne disease. Andrographolide is a natural product derived from a 
traditional herb namely Andrographis paniculata. It is mentioned for its usefulness against chikungunya virus 
infection [18].
Zika virus infection is a new emerging vector borne disease. Active drug search is important. There are some 
new reports on using herbal natural products for treatment of Zika virus infections. The good example of 
natural product is leaves of Ocimum basilicum [19].

Table 2. Important vector borne diseases and possible useful natural products for disease management

Figure 1. Steps for using informatics tool for searching for natural products in vector-borne disease management.

Figure by Wiwanitkit, 2021
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chemical data and connect genomic information to pheno-
typic and metabolomic data [26]. When there is a data-
base, searching is the important step for data mining. For 
data mining, the characteristics of natural products that are 
routinely searched include biological activity, absorption, 
distribution, metabolism, excretion, and toxicology [27].

Steps for Using Informatics Tool for Searching for 
Natural Products in Vector-Borne Disease Management
There are many important steps for searching for natural 
products in vector-borne disease management (Table 4). 
Starting from crude data collection, which usually refers 
to local traditional and folkway regimens, the standard 
database search is the first requirement. The database 

search results can give clues for efficacy and toxicity of 
the natural product candidate. When there is an evidence 
of possible efficacy and safety, further molecular clarifi-
cation is done. Regarding molecular clarification, both 
structure of natural product candidate and pathogen 
should be assessed [27]. The structural data will be fur-
ther used for expressional analysis and interaction analy-
sis. If all in-silico analyses provide that the natural prod-
uct candidate is good, further in vitro and in vivo studies 
will be further performed (Fig. 1, Table 4) [17].

Example of Bioinformatics Application for Searching for 
Natural Products in Vector-Borne Disease Management
For better understanding of the process, an example 

Database

HERB [20]
TCMSP [21]
NPASS [22]

Super Natural II [23]

BIOFACQUIM [24]

Details

HERB is a high-throughput experiment- and reference-guided database of traditional Chinese medicine [20].
TCMSP is a database of systems pharmacology for drug discovery from herbal medicines [21].
NPASS is a natural product activity and species source database for natural product research, discovery and 
tool development [22].
Super Natural II is a database of natural products [23]. Super Natural II is available at http://bioinformatics.
charite.de/supernatural [23]. The database allows a template-based search for similar compounds as well as 
a search for compound names and specific physical properties [23].
BIOFACQUIM is a Mexican compound database of natural products [24]. BIOFACQUIM collects profile of 
physicochemical properties, scaffold content, and diversity, as well as structural diversity based on molecular 
fingerprints [24].

Table 3. Examples of bioinformatics databases on natural products

Step

Looking for candidate

Database searching 
Bioinformatics clarification

Bioinformatucs prediction

In vitro and in vivo process

Details

The information and data on candidate might be collated from various resources like ethnobotanical 
textbooks and literature databases such as PubMed, Science Direct, Wiley, Springer, Tailor and Francis, 
Scopus, Inflibnet, Google and Google Scholar [17].
Database searching for components identification, checking for efficacy and toxicity is done.
Using bioinformatics tools for structural identification and clarification is done. The studies are on both 
candidate substance and pathogen of vector borne disease. Structural genomics and proteomics tools 
play role in this step.
Using bioinformatics tools for molecular function, biological process, pathway and possible interaction 
is done. Ontology and interactomics tools play role in this step.
After complete in silico process, the finally recruited candidate will be derived Further studies via 
standard in vitro and in vivo pharmacological and clinical studies are performed.

Table 4. Steps for using informatics tool for searching for natural products in vector-borne disease management
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of bioinformatics application for searching for natu-
ral products in vector-borne disease management is 
hereby presented. Here, the authors showed an ex-
ample quoting from a recent report using a network 
pharmacology analysis to assess the common biolog-
ical pathway for pharmacological effect of ginseng, a 
classic Asian herb, and pathophysiological process of 
dengue, an important tropical mosquito-borne dis-
ease [28]. From interrelationship analysis, the author 
can demonstrate the common pathway via vimentin 
node. It can show that ginseng can be useful in man-
agement of dengue.

This work is a clinical informatics study. The bio-
logical process network analysis is done. Based on the 
concept of network pharmacology [29, 30], the effect 
of the classical traditional herb in Asia, herb is assessed 
for its interrelationship with the pathophysiological 
process of dengue, an important tropical vector-borne 
infection. The information in biological processes re-
garding ginseng and dengue is derived from direct data-
base mining using standard international databases, 
PubMED and SCOPUS.

For interrelationship analysis, the identified biologi-
cal processes, both pharmacological process of ginseng 
and pathophysiological process of dengue, are listed 
and looked for common pathway. The common node is 
identified and used for construction of the final interre-
lationship network.

According to the analysis, the author can identify 
a common node between pharmacological process of 
ginseng and pathophysiological process of dengue 

at vimentin. From further interrelationship network 
analysis, the final interrelationship network is pre-
sented in Figure 2.

Using bioinformatics clinical pharmacology network 
analysis is accepted as an advantage in assessment the 
effect of traditional herbal regimens [31–33]. The tech-
nique is based on informatics analysis starting from 
pathway searching, identifying of common nodes, re-
arrangement and final creation of the interrelationship 
network. This technique is the standard clinical infor-
matics analysis used in previous publications [34, 35]. 
In this short article, the author performs a preliminary 
study to test the usefulness of ginseng, a well-known 
herb, in the management of an important tropical blood 
infection, dengue.

Based on the present study, it can be shown that there 
is a common node between pharmacological process of 
ginseng and pathophysiological process of dengue at 
vimentin. Ginseng is clarified for its effect on reducing 
expression of vimentin [35]. Meanwhile, dengue has 
its important pathological process of using vimentin in 
replication process [36–38]. It can be concluded that 
ginseng should have an anti-dengue effect, making it a 
useful traditional herb for management of dengue.

Conclusion
Bioinformatics technologies are applicable in new anti-
vector-borne disease drug search. Based on genomics, 
proteomics, chemoinformatics and expressional anal-
ysis, new drug candidates can be searched and further 
tested for expected clinical advantages. Many natural 
products are the targets for new drug search. Bioinfor-
matics technology can help shorten required searching 
time for natural products in vector bornedisease man-
agement. The data from basic bioinformatics studies 
leads to further research and development on new anti 
vector-borne disease drugs.
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Figure 2. Interrelationship network showing the interrela-
tionship between pharmacological process of ginseng and 
pathophysiological process of dengue at vimentin.

Figure by Wiwanitkit, 2021



North Clin Istanb176

REFERENCES

1. Warpeha KM, Munster V, Mullié C, Chen SH. Editorial: emerging 
infectious and vector-borne diseases: a global challenge. Front Public 
Health 2020;8:214.

2. Huntington MK, Allison J, Nair D. Emerging vector-borne diseases. 
Am Fam Physician 2016;94:551–7.

3. Yu U, Lee SH, Kim YJ, Kim S. Bioinformatics in the post-genome era. 
J Biochem Mol Biol 2004;37:75–82.

4. Claverie JM, Abergel C, Audic S, Ogata H. Recent advances in compu-
tational genomics. Pharmacogenomics 2001;2:361–72.

5. Wiwanitkit V. Utilization of multiple “omics” studies in micro-
bial pathogeny for microbiology insights. Asian Pac J Trop Biomed 
2013;3:330–3.

6. Koning DJ, Haley CS. Genetical genomics in humans and model or-
ganisms. Trends Genet 2005;21:377–81.

7. Yu U, Lee SH, Kim YJ, Kim S. Bioinformatics in the post-genome era. 
J Biochem Mol Biol 2004;37:75–82.

8. Cho WC. Proteomics technologies and challenges. Genomics Pro-
teomics Bioinformatics 2007;5:77–85.

9. Calvo KR, Liotta LA, Petricoin EF. Clinical proteomics: from biomarker 
discovery and cell signaling profiles to individualized personal therapy. 
Biosci Rep 2005;25:107–25.

10. Harris MA, Clark J, Ireland A, Lomax J, Ashburner M, Foulger R, et al; 
Gene Ontology Consortium. The Gene Ontology (GO) database and 
informatics resource. Nucleic Acids Res 2004;32:D258–61.

11. Lewis SE. Gene Ontology: looking backwards and forwards. Genome 
Biol 2005;6:103.

12. Wiwanitkit V. A study on functional similarity between dengue non 
structural protein 1 and platelet integrin/adhesin protein, CD61. J 
Ayub Med Coll Abbottabad 2006;18:13–6.

13. Wiwanitkit V. Interaction between BRCA1 and human papilloma virus 
E7: an ontology study. Arch Gynecol Obstet 2006;274:146–9.

14. Hsu E. Reflections on the ‘discovery’ of the antimalarial qinghao. Br J 
Clin Pharmacol 2006;61:666–70.

15. Breman JG. Eradicating malaria. Sci Prog 2009;92:1–38.
16. Klayman DL. Qinghaosu (artemisinin): an antimalarial drug from 

China. Science 1985;228:1049–55.
17. Kumar A. Phytochemistry, pharmacological activities and uses of 

traditional medicinal plant Kaempferia galanga L. - an overview. J 
Ethnopharmacol 2020;253:112667.

18. Wintachai P, Kaur P, Lee RCH, Ramphan S, Kuadkitkan A, Wikan N, 
et al. Activity of andrographolide against chikungunya virus infection. 
Sci Rep 2015;5:14179.

19. Singh P, Chakraborty P, He DH, Mergia A. Extract prepared from the 
leaves of Ocimum basilicum inhibits the entry of Zika virus. Acta Virol 
2019;63:316–21.

20. Fang S, Dong L, Liu L, Guo J, Zhao L, Zhang J, et al. HERB: a high-
throughput experiment- and reference-guided database of traditional 
Chinese medicine. Nucleic Acids Res 2021;49:D1197–206.

21. Ru J, Li P, Wang J, Zhou W, Li B, Huang C, et al. TCMSP: a database 
of systems pharmacology for drug discovery from herbal medicines. J 
Cheminform 2014;6:13.

22. Zeng X, Zhang P, He W, Qin C, Chen S, Tao L, et al. NPASS: nat-
ural product activity and species source database for natural prod-
uct research, discovery and tool development. Nucleic Acids Res 
2018;46:D1217–22.

23. Banerjee P, Erehman J, Gohlke BO, Wilhelm T, Preissner R, Dunkel 
M. Super Natural II--a database of natural products. Nucleic Acids Res 
2015;43:D935–9.

24. Pilón-Jiménez BA, Saldívar-González FI, Díaz-Eufracio BI, Medina-
Franco JL. BIOFACQUIM: a Mexican compound database of natural 
products. Biomolecules 2019;9:31.

25. Xie T, Song S, Li S, Ouyang L, Xia L, Huang J. Review of natural prod-
uct databases. Cell Prolif 2015;48:398–404.

26. Medema MH, Fischbach MA. Computational approaches to natural 
product discovery. Nat Chem Biol 2015;11:639–48.

27. Yang B, Mao J, Gao B, Lu X. Computer-assisted drug virtual screen-
ing based on the natural product databases. Curr Pharm Biotechnol 
2019;20:293–301.

28. Yasri S, Wiwanitkkit V. Usefulness of ginseng in management of 
dengue: a bioinformatics pathway interrelationship analysis. Int J Phys-
iol Pathophysiol Pharmacol 2022;14:114–7.

29. Boezio B, Audouze K, Ducrot P, Taboureau O. Network-based ap-
proaches in pharmacology. Mol Inform 2017;36:1700048.

30. Kibble M, Saarinen N, Tang J, Wennerberg K, Mäkelä S, Aittokallio 
T. Network pharmacology applications to map the unexplored target 
space and therapeutic potential of natural products. Nat Prod Rep 
2015;32:1249–66.

31. Yuan H, Ma Q, Cui H, Liu G, Zhao X, Li W, et al. How can syn-
ergism of traditional medicines benefit from network pharmacology? 
Molecules 2017;22:1135.

32. Li S, Zhang B. Traditional Chinese medicine network pharmacology: 
theory, methodology and application. Chin J Nat Med 2013;11:110–
20.

33. Hao da C, Xiao PG. Network pharmacology: a Rosetta Stone for tradi-
tional Chinese medicine. Drug Dev Res 2014;75:299–312.

34. Yasri S, Wiwanitkit V. Protein tyrosine phosphatase, opisthorchia-
sis and dengue: a proteomics interrelationship. J Vector Borne Dis 
2018;55:245.

35. Wiwanitkit V. Cancer immunomics and application of ‘omics’ for cancer 
management. Expert Rev Clin Immunol 2007;3:807–12.

36. Cai JP, Wu YJ, Li C, Feng MY, Shi QT, Li R, et al. Panax ginseng 
polysaccharide suppresses metastasis via modulating Twist expression 
in gastric cancer. Int J Biol Macromol 2013;57:22–5.

37. Chen W, Gao N, Wang JL, Tian YP, Chen ZT, An J. Vimentin is re-
quired for dengue virus serotype 2 infection but microtubules are not 
necessary for this process. Arch Virol 2008;153:1777–81.

38. Teo CS, Chu JJ. Cellular vimentin regulates construction of dengue 
virus replication complexes through interaction with NS4A protein. J 
Virol 2014;88:1897–913.


