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Introduction
Malaria is an acute febrile infectious disease that is important in 

public health. It is caused by protozoa transmitted by mosquito vectors. 
In Brazil, there is a high incidence of the disease in the Amazon region, 
where 99% of the country’s cases occur, wherein the disease might be 
severe. Malaria is a cause of considerable social and economic losses 
in populations at a risk of infection, especially those living in poor 
housing and sanitation conditions [1-9].

Malaria vectors belong to the order Diptera, infraorder 
Culicomorpha, family Culicidae, and genus Anopheles.This genus 
comprises 517 species, of which 70 are medically important, with 54 of 
these species occurring in Brazil [10-12]. The main vectors of malaria 
transmission in Brazil are Anopheles (Nyssorhynchus) darlingi Root; 
Anopheles (Nyssorhynchus) aquasalis and Anopheles (Nyssorhynchus) 
albitarsis s.l.. Each of these vectors is anthropophilic and commonly 
feed on blood in households and outdoors [11,13-18].

There are various control methods for malaria vectors such as 
chemical control by fogging, indoor residual spraying (IRS) screening 
of doors and windows, repellent lotions and electric repellents, timing 
of human activities in periods of less vector activity, and long-lasting 
insecticidal nets (LLINs) or common mosquito nets. Adulticide activity, 
environmental management, and biological larvicides in breeding sites 
are less efficient methods of vector control [3,15,19].

Currently, in Brazil, the breeding of Anopheles spp. larvae is seldom 
controlled. Virtually all vector control activities are focused on the adult 
insect, even though the Ministry of Health of Brazil [3,15,19] and more 
recently the vector control manual of the World Health Organization 
[20] have advised the use of entomopathogenic bacteria.

Studies on the effectiveness of Bacillus sphaericus strain 2362
against Anopheles spp. larvae under field conditions are rare because 
it is a fairly new vector control method. However, this bacterium is 
specific in its action, easy to use, and does not interfere with the aquatic 
habitat in which it is employed. The WHO [20] showed the effectiveness 
of B. sphaericus in anopheline control in laboratory tests, and some 
researchers of Kenya, Greece, The Gambia, India, the Philippines, Mali, 
Tanzania, and, Sri Lanka have reported the efficacy of B. sphaericus in 
controlling anophelines; these authors have also suggested the need for 
further studies on this topic.

Literature Review
A systematic literature review was conducted to identify the 

historical events of biological control for immature forms of Anopheles 
mosquitoes. The literature review was conducted using a defined search 
strategy, using the descriptors ‘malaria,’‘biological control,’ ‘Bacillus 
sphaericus’ and ‘National Program for Malaria Control in Brazil.’

Articles were searched in the SciELO database (Scientific Electronic 
Library Online), MEDLINE - International Database for Medical 
Literature and PubMed (US National Library of Medicine). In addition 
to articles, textbooks and the Ministry of Health of Brazil manuals were 
also included in the literature review. In total, 35 sources were selected, 
using emphasis on the biological control of malaria vectors as the 
criterion.

This review article aims to present an overview of the use of the 
entomopathogenic biolarvicide, B. sphaericus strain 2362, in malaria 
vector control and to report its applicability and effectiveness in Brazil.

Results and Discussion
Of the studies analyzed, we observed that several entomopathogenic 

bacteria have been used in the control of insects of public health 
importance. Specifically, B. sphaericus, which has a biolarvicide effect 
due to two toxins of 51 and 42 kDa that act synergistically and that 
are toxic to mosquito larvae, has been used. Upon ingestion, these 
toxins destroy the stomach epithelium (midgut) of the larvae, leading 
to septicemia. This process is favored by the alkaline pH of the larval 
digestive tract associated with the presence of lipid acids [19,21].

B. sphaericus is easy to handle, does not require special conditions
for culture, and shows selectivity in its effects [22]. This biolarvicide 
does not affect the other fauna and flora in breeding sites in the Amazon 
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[23,24]. In addition, their spores are recycled in the cadavers of larvae, 
which can enlarge its persistence in the breeding period contributing to 
the persistence of these bacilli in environments rich in organic matter 
[19,23-27,28].

In Brazil, few field studies have been conducted to determine the 
effectiveness of biological control by B. sphaericus strain 2362. There 
are several articles detailing laboratory bioassays and controlled field 
bioassays, but the effective use of this method as an alternative to chemical 
control of mosquitoes is scarce, even though the Ministry of Health 
manuals have advocated this approach since 1999 [18]. Experiments 
conducted with Aedes and Culex mosquitoes have demonstrated the 
effectiveness of B. sphaericus both in laboratory and field conditions 
[29,30]. In general, laboratory-controlled bioassays showed satisfactory 
results; however, state and municipal health managers must implement 
this method for the health of the environment and staff working in 
malaria endemic areas. Therefore, we conducted an intervention with 
B.sphaericus strain 2362 in the state of Amapá, in a mining area in the
municipality of Calçoene in the Amazon Basin between 2008 and 2009, 
in breeding sites that originated due to gold mining [31]. These breeding 
sites were sunny or semi-shaded and, within 48 hours after treatment
with a granular formulation of B. sphaericus, larvae were reduced by
80% in the breeding sites. Similar results were shown by Majambere et
al. [32] in Gambia, Kandyata et al. [29] in Zambia, and Berti Mozer et
al. [33] in Venezuela.

The malaria vector control management manual recently 
published by the WHO recommends the biological control larval 
like a complementary methods of immature mosquito, especially in 
areas where first-line interventions (LLINs and/or IRS) have achieved 
satisfactory entomological and epidemiological results, and some 
malaria-endemic [20].

Although the use of B. sphaericus in Brazil to date has been 
limited, many countries have adopted this strategy for the control 
of anophelines. This biocontrol measure may reduce the effects of 
chemical insecticides on the environment; these measures also show 
the insecticidal potential, depending on local characteristics such as 
the type of breeding area, temperature, humidity, solar radiation, and 
other parameters in real field conditions, as shown by Barjac [34] and 
Glare and Callaghan [35] with Bacillus thuringiensis israelenses and B. 
sphaericus.

The biological control of anophelines with B. sphaericus has the 
advantage of vector specificity. It does not affect fishes, flora, or other 
insects present in the breeding area, and is innocuous to the handler. Its 
main disadvantage is the need for training of human resources, because 
field staff will need to analyze and interpret the effects in the treated 
breeding areas and determine the long-term results. 

B. sphaericus strain 2362 as a biological control method for malaria
vectors offers an alternative when resistance of adult anophelines to 
chemical insecticides is known, as is seen in populations of Aedes aegypti in 
several Brazilian states. In addition, this product is safer to handle and safer 
for the environment than traditional, chemical control methods.

The implementation of this control method by health managers 
will require significant planning and intensive management, with 
investments of time, patience, training, and qualified technical 
personnel.

Acknowledgements

We thank the staff of the Medical Entomology Laboratory of the Amapá State 
Institute of Scientific and Technological Research.

References

1. BRAZIL. Malaria 2013.

2. BRAZIL (2009) Ministry of Health Secretariat of Health Surveillance Guide for 
local management of malaria control -Vector Control. Brasilia: SVS/MS. P. 59.

3. BRAZIL (2010) Ministry of Health. Pocket Guide. Infectious and Parasitic 
Diseases. (8thedn). rev. Brasilia.

4. BRAZIL (2003) Ministry of Health Secretariat of Health Surveillance National 
Program for Prevention and Control of Malaria -NMCP. Brasilia.

5. Snow RW, Guerra CA, Noor AM, Myint HY, Hay S (2005) The global distribution 
of clinical episodes of Plasmodium falciparum malaria. Nature. 434: 214-217.

6. Parise EV (2009) Malaria tomb them Palmas, Tocantins: Case report. Rev. Soc. 
Bras. Med. Trop. 42: 463-468.

7. Rey L (2009) Basis of Medical Parasitology-3rd Edition Rio de Janeiro. 
Publisher Guanabara Koogan. P. 424.

8. BRAZIL (2009) Ministry of Health. Secretariat of Health Surveillance. 
Department of Epidemiological Surveillance. (Series A. Technical Standards 
and Manuals). Guide to epidemiological surveillance. Brasilia: Ministry of 
Health, p. 816.

9. Forattini OP (2002) Medical Culicidology. Publisher of the University of São 
Paulo. Sao Paulo. 2.

10.	Lozovei AL (2001) Culicidae. In: Marcondes CB (d) Medical and Veterinary 
Entomology. Publisher Atheneu, São Paulo pp. 59-103.

11. Consoli RAGB, Lourenço-de-Oliveira R (1994) Main mosquitoes Health 
Importance in Brazil. Oswaldo Cruz Foundation, Rio de Janeiro. Brazil. P. 228.

12.	Chwatt by Leonard Bruce, Jan (1985) Essential Malariology. New York: John 
Wiley & Sons

13.	Forattini OP (2002) Medical Culicidology. Publisher of the University of São 
Paulo. Sao Paulo, 1.

14.	Tadei WP, Thatcher BD, JMM Santos, Scarpassa VM, Rodrigues IB, et al. 
(1998) Ecologic observations on anopheline vectors of malaria in the Brazilian 
Amazon. American Journal of Tropical Medicine and Hygiene. 59: 325-335.

15.	Tadei WP, Thatcher BD, JMM Santos, Scarpassa VM, Rodrigues IB, et al. 
(1999) Malaria entomology in the Amazon Colonization Areas. In: Pilot Program 
Meeting for Protection of Tropical Forests of Brazil/MCT. Manaus. Proceedings 
of the Pilot Program Meeting for the Conservation of Tropical Forests Brazil/
MCT. Brasilia: Press Office Institutional, 1: 157-167.

16.	FSM Barros (2005) Diversity and Seasonality of Anopheles sp. (Diptera: 
Culicidae ) with emphasis on the prevalence of malaria in Roraima. (Masters 
dissertation). Federal University of Pernambuco.

17.	Sa DR (2003) Malaria on indigenous lands inhabited by Pakaanóva (Wari’), 
State of Rondônia, Brazil . Epidemiological and entomological study. (Masters 
dissertation). Oswaldo Cruz Foundation. National School of Public Health. Rio 
de Janeiro.

18.	BRAZIL (1999) Ministry of Health National Health Foundation Selective Control 
of Malaria Vectors - Guide to the municipal level. Brasilia. P. 58.

19.	Schwartz JL, Potvin L, Coux F, Charles JF, Berry C, et al. (2001) Permeabilization 
of model lipid membranes by Bacillus sphaericus mosquitocidal binary toxin 
and its individual components. Journal of Membrane Biology. 184: 171-183.

20.	Word Health Organization (2013) Larval Source Management. A supplementary 
measure for malaria vector control. An Operational Manual.

21.	Melo ALA (2006) Development and bioprocess optimization for the production 
of Bacillus sphaericus Meyer and Neide (1904) aimed at biological control 
of Culex quinquefasciatus Say (1823). Master’s Thesis in Microbiology, 
Parasitology and Pathology - Major Field Parasitology, the Life Sciences Sector 
and Health of the Federal University of Parana.

22.	Yousten AA, Mandhekar N, Wallis D (1984) Fermentation condition affecting 
growth, sporulation and mosquito larval toxin formation by Bacillus sphaericus. 
Develop Indust Microbiol. 25: 727-762.

23.	Alles GC, Hübner M, Fiuza LM (2009) Toxicologia de Bacillus thuringiensis 
às pragas urbanas e vetores. Biotecnologia Ciência & Desenvolvimento.
Conselho Científico. p. 44-46.

http://portalsaude.saude.gov.br/
http://apps.who.int/medicinedocs/documents/s19271en/s19271en.pdf
http://apps.who.int/medicinedocs/documents/s19271en/s19271en.pdf
http://www.ljemail.org/reference/ReferencesPapers.aspx?ReferenceID=1575849
http://www.ljemail.org/reference/ReferencesPapers.aspx?ReferenceID=1575849
http://www.ncbi.nlm.nih.gov/pubmed/15759000
http://www.ncbi.nlm.nih.gov/pubmed/15759000
http://www.scielo.br/scielo.php?pid=S0037-86822009000400021&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0037-86822009000400021&script=sci_arttext
http://www.ljemail.org/reference/ReferencesPapers.aspx?ReferenceID=965390
http://www.ljemail.org/reference/ReferencesPapers.aspx?ReferenceID=965390
http://www.jourlib.org/references/14945225
http://www.jourlib.org/references/14945225
http://www.ajtmh.org/content/59/2/325.short
http://www.ajtmh.org/content/59/2/325.short
http://www.ajtmh.org/content/59/2/325.short
http://repositorio.ufpe.br/bitstream/handle/123456789/816/arquivo1800_1.pdf?sequence=1&isAllowed=y
http://repositorio.ufpe.br/bitstream/handle/123456789/816/arquivo1800_1.pdf?sequence=1&isAllowed=y
http://repositorio.ufpe.br/bitstream/handle/123456789/816/arquivo1800_1.pdf?sequence=1&isAllowed=y
http://link.springer.com/article/10.1186/1476-072X-7-55#/page-1
http://link.springer.com/article/10.1186/1476-072X-7-55#/page-1
http://link.springer.com/article/10.1186/1476-072X-7-55#/page-1
http://link.springer.com/article/10.1186/1476-072X-7-55#/page-1
http://www.ncbi.nlm.nih.gov/pubmed/11719853
http://www.ncbi.nlm.nih.gov/pubmed/11719853
http://www.ncbi.nlm.nih.gov/pubmed/11719853
http://link.springer.com/article/10.1007/BF01569430#page-1
http://link.springer.com/article/10.1007/BF01569430#page-1
http://link.springer.com/article/10.1007/BF01569430#page-1
F:\Life Sciences\JFOR\FORVolume.5\FORVolume5.1\FOR5.1_W\Jfor-15-322(164)\files.engenhariaagronomica.webnode.com\200000058-a2bb4a3b5b\bio_38[1].pdf#page=44
F:\Life Sciences\JFOR\FORVolume.5\FORVolume5.1\FOR5.1_W\Jfor-15-322(164)\files.engenhariaagronomica.webnode.com\200000058-a2bb4a3b5b\bio_38[1].pdf#page=44
F:\Life Sciences\JFOR\FORVolume.5\FORVolume5.1\FOR5.1_W\Jfor-15-322(164)\files.engenhariaagronomica.webnode.com\200000058-a2bb4a3b5b\bio_38[1].pdf#page=44


Citation: Galardo CD (2016) Use of a Bacillus sphaericus (Strain 2362) Formulations in Control of Malaria Vectors in Brazil. Forest Res 5: 164. 
doi:10.4172/2168-9776.1000164

Page 3 of 3

Volume 5 • Issue 1 • 1000164
Forest Res
ISSN: 2168-9776 FOR, an open access journal 

24.	Abreu EL, Tadei WP, Rodrigues IB (2011) Effectiveness of Bacillus sphaericus 
on Anopheles nuneztovari (Diptera: Culicidae) in Amazonia. R. Bras. Bioci. 
Porto Alegre. 9: 139-142.

25.	Habib MEM (1989) Use of bacteria in control of medically important flies. Mem 
. Inst. Oswaldo Cruz . Rio de Janeiro. 84: 31-34.

26.	Skovmand O, Bauduin S (1997) Efficacy of a granular formulation of Bacillus 
sphaericus against Culex quinquefasciatus and Anopheles gambiae in West 
African countries. J Vect Entomol. 22: 43-51.

27.	Nicolas L, Darriet F, Hougard JM (1987) Efficacy of Bacillus sphaericus 2362 
against larvae of Anopheles gambiae under laboratory and field conditions in 
West Africa. Med. Vet. Entomol. 1: 157-162.

28.	Kandyata A, Mbata KJ, Shinondo CJ, Katongo C, Kamuliwo RM, et al. (2012) 
Impacts of Bacillus thuringiensis var. israelensis and Bacillus sphaericus insect 
larvicides on mosquito larval densities in Lusaka, Zambia. Medical Journal of 
Zambia. 39: 33-38.

29.	Rodigues IB, Tadei WP, Days JMCS, Lima CAP (2013 ) Bacillus sphaericus 
larvicidal activity in 2362 against Anopheles sp. (Diptera, Culicidae) in rivers of 
the Amazon , Brazil . Bioassay: Entomological Society of Brazil. 8: 2.

30.	Galardo AKR, Zimmerman R, Galardo CD (2013) Larval control of Anopheles 
(Nyssorhinchus) darlingi using granular formulation of Bacillus sphaericus in 
abandoned gold-miners excavation pools in the Brazilian Amazon Rainforest. 
Rev. Soc. Bras. Med. Trop. 2013. 46.

31.	Majambere S, Linday SW, Green C, Kandeh B, Fillinger U (2007) Microbial 
larvicides for malaria control in The Gambia. Malaria Journal.6: 76.

32.	Moser Berti J, M Herrera Gonzalez RJ, NC Bridges, Rafael VJ (2012) Field trials 
on the efficacy and persistence of three formulations of Bacillus sphaericus 
against larvae of Anopheles aquasalis Curry mangroves municipality Marino, 
Sucre state, Venezuela. Bol Mal Health Amb.

33.	Barjac H (1990) Classification of Bacillus sphaericus strains and comparative 
toxicity to mosquito larvae. In: Barjac H. & Sutherland DJ Bacteriol control of 
mosquitoes & Black flies: biochemistry, genetics & applications of Bacillus 
thuringiensis israelensis and Bacillus sphaericus. Rutgers University Press, 
New Brunswick. pp. 228-236.

34.	Glare TR, Callaghan M (1998) Environmental and health impacts of Bacillus 
thuringiensis israelensis. Report for the Ministry of Health. P. 57.

35.	Vilarinhos PTR, Days JMCS, Andrade CFS , Arauju - Coutinho CJPC (1998) 
Use of bacteria for the control of mosquitoes and black flies. In: Microbial 
Control of Insects. 4: 447-474.

Citation: Galardo CD (2016) Use of a Bacillus sphaericus (Strain 2362) 
Formulations in Control of Malaria Vectors in Brazil. Forest Res 5: 164. 
doi:10.4172/2168-9776.1000164

http://www.ufrgs.br/seerbio/ojs/index.php/rbb/article/view/1146
http://www.ufrgs.br/seerbio/ojs/index.php/rbb/article/view/1146
http://www.ufrgs.br/seerbio/ojs/index.php/rbb/article/view/1146
http://europepmc.org/abstract/med/9221738
http://europepmc.org/abstract/med/9221738
http://europepmc.org/abstract/med/9221738
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2915.1987.tb00337.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2915.1987.tb00337.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2915.1987.tb00337.x/abstract
http://www.ajol.info/index.php/mjz/article/view/110604
http://www.ajol.info/index.php/mjz/article/view/110604
http://www.ajol.info/index.php/mjz/article/view/110604
http://www.ajol.info/index.php/mjz/article/view/110604
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwio9Ijj-JTKAhUOGY4KHTxNCsgQFggjMAE&url=http%3A%2F%2Fwww.bioassay.org.br%2Fbioassay%2Farticle%2Fdownload%2F95%2F178&usg=AFQjCNHeq_waNMJSC9ru7BnIhNeDwYWRKw&bvm=bv.110151844,d.c2E&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwio9Ijj-JTKAhUOGY4KHTxNCsgQFggjMAE&url=http%3A%2F%2Fwww.bioassay.org.br%2Fbioassay%2Farticle%2Fdownload%2F95%2F178&usg=AFQjCNHeq_waNMJSC9ru7BnIhNeDwYWRKw&bvm=bv.110151844,d.c2E&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwio9Ijj-JTKAhUOGY4KHTxNCsgQFggjMAE&url=http%3A%2F%2Fwww.bioassay.org.br%2Fbioassay%2Farticle%2Fdownload%2F95%2F178&usg=AFQjCNHeq_waNMJSC9ru7BnIhNeDwYWRKw&bvm=bv.110151844,d.c2E&cad=rja
http://www.scielo.br/scielo.php?pid=S0037-86822013000200172&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0037-86822013000200172&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0037-86822013000200172&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S0037-86822013000200172&script=sci_arttext
http://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-6-76
http://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-6-76
http://www.cabdirect.org/abstracts/20123293505.html;jsessionid=EF6B1DAE73F46AD1404554DC3E49BDB3
http://www.cabdirect.org/abstracts/20123293505.html;jsessionid=EF6B1DAE73F46AD1404554DC3E49BDB3
http://www.cabdirect.org/abstracts/20123293505.html;jsessionid=EF6B1DAE73F46AD1404554DC3E49BDB3
http://www.cabdirect.org/abstracts/20123293505.html;jsessionid=EF6B1DAE73F46AD1404554DC3E49BDB3
http://link.springer.com/chapter/10.1007/978-94-011-5967-8_14
http://link.springer.com/chapter/10.1007/978-94-011-5967-8_14
http://link.springer.com/chapter/10.1007/978-94-011-5967-8_14
http://link.springer.com/chapter/10.1007/978-94-011-5967-8_14
http://link.springer.com/chapter/10.1007/978-94-011-5967-8_14
http://www.moh.govt.nz/notebook/nbbooks.nsf/0/05D6FFEFC162AAAD4C25684100818D05/$file/environmental impacts bacillus thuringiensis.pdf
http://www.moh.govt.nz/notebook/nbbooks.nsf/0/05D6FFEFC162AAAD4C25684100818D05/$file/environmental impacts bacillus thuringiensis.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Literature Review 
	Results and Discussion 
	Acknowledgements
	References

