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Instituto Butantan: An Important 

 Public Manufacturer of Biologicals and  

Immunobiologicals in Brazil and Latin America 



Instituto Butantan 

Instituto Butantan:  Annual production of 400-700 thousands of ampule of sera 

 

Vaccines produced: Combined DPT – Diphteria, pertussis and tetanus. 

     Hepatitis B (first recombinant vaccine in Brazil) 

   *Rabies vaccine produced in VERO cells for human use, 

   seasonal (and pandemic) influenza 

 

   *The production was interrupted and a new production 

                                           plant is being built and will start working on 2014.  





 

 

Public mission: 

 

Products of quality and affordable to the public system, 

to be provided as a benefit free of charge to all the Brazilians 

through the Public Health System (SUS) by the  

Ministry of Health.  

 

 

 



Innovation and Development of  

new vaccines – Problem based solution 
 

1) Problem identification (Ex.: seasonal and pandemic flu) 

2) Components of a vaccine: antigen + adjuvant + delivery system 

3) Search for an antigen (molecule that when innoculated, evoke an 

adaptative immune response such as antibody production; 

4) Combination with adjuvant (molecule(s) that increases the immune 

response against the antigen);  

5) Formulation with an appropriate delivery system. 

 

 



Attenuated live vaccines – do not need adjuvant 

Vaccinia, BCG 

 

Subunit vaccines – not efficient antigen w/o adjuvant 

Tetanus, diphteria 

 

adjuvare=help 

 
Alexander Glenny 1926 –Search for compounds that would make  

antigens insoluble ended up with aluminum potassium sulfate 

 

 Adjuvant - substances when in combination with an antigen 

evokes a higher immune response against the antigen when 

compared the response induced against the antigen alone 

(antibody - humoral or cellular mediated immune response) 

 



 Development of new adjuvants and new vaccine  

 by Instituto Butantan 
 

 Adjuvant approved for human use:      aluminium salts, 

            monofosforil lipídiA 

            MF59  

 MF59 – Emmulsion oil/water + squalene + Tween 80 + Span 85 (flu) 

 AS04 – Susp. aluminium hydroxide + MPLA (Hepatitis B e HPV) 

 

 AS02 – Emmulsion oil/water MPLA + QS21 (malaria, TB, cancer,  

                 HIV) 

 

 From empirical observations to rational develpoment of  

 new adjuvants (based on scientific knowledge) 

  







-The Immune System is an essential part of an organism;  

without it the life would not be possible;  

 

- The Immune System is unique and works coordinately; 

 

- For didatic purposes, it can be divided in innate and  

adaptative immune system 

 

- Innate immunity: Physical barriers (skin), chemical (secretions) 

and those medited by cells that defend the host from infections using a  

generic and non specific response (macrophages, fagocitose,  

complement); 

 

- Adaptative immunity: Immune response that allows the recognition of  

specific antigens and pathogens, eliciting a strong and specific immune  

response, anytime when the related antigen or pathogen are encountered, 

possessing a memory response through genetic recombination and  

clonal expansion.  



     Innate immunity: 

 

-           Based on the recognition of  

-           Pathogen-associated molecular 

-           patterns (PAMPs) – by Pattern  

-           recognition receptors (PRR) 



PRRs: 
Pattern 
Recognition 
Receptors 



Ligantes endógenos e 

exógenos. 

 

Ativação, inibição,  

modulação 



Recogniton of multiple PAMPs at the same time elicite a complex and 

coordinated response 



Activation of multiple pathways  

during infection 

 

 

Cross-talking among the pathways 

 

Activation of mediators of  

pro-inflammetory and/or  type I IFN 

genes 

TLR5/5       TLR1/2           TLR2/6  
TLR 4/4 

The response by Toll-like 

receptors is mediated by 

adaptor molecules  

that interacts with TIR 

(Toll/interleukin-1 receptor) 

homology domain 

 



Complex interconected  

signals elicited by a 

pathogen (virus  

infection) 



The signal(s) has to be  

deactivated and  

controled! 

 

The disbalance to one  

or to the other side may 

result in diseases.  

Pathogens evolved  

mechanisms to evade  

the defense response 

of the host.  



Mutations in the proteins involved in PRRs signalings may cause genetic 

disorders or predispose to diseases. 



The innate system also recognizes self e non-self ligands. 



Science 327: 291, 2010 

Extra cellular  

recognition 

 

 

response 

Secretion of 

cytokines and  

co-stimulatory 

molecules 

Antigen (epitope) 

presentation by  

MHC II/MHCI 



Intracelular 

recognition 

Idem 



The immune response 

is the result of the 

activation and 

interaction of the 

innate and adaptative 

immune systems.  



Ativação da via do inflamassoma e conexão com a via de TLR 



Conclusion: PAMPs (Pathogen-associated molecular patterns) and  

                    DAMPs (Danger-associated molecular patterns) that  

         activate innate immune response are potential adjuvants! 

         Metabolic activation is involved in immune modulation! 

 

 

Problems to be solved: Besides adjuvant effects, some present  

undesirable and negative effects. 



Instituto Butantan 

Instituto Butantan:  Major producer of sera and vaccines in Latin America  

   Annual production of 150-200 million doses of vaccines  

   Annual production of 400-700 thousands of ampule of sera 

 

Vaccines produced: Combined DPT – Diphteria, pertussis and tetanus. 

em produção  Hepatitis B (first recombinant vaccine in Brazil) 

   *Rabies vaccine produced in VERO cells for human use 

 

   *The production was interrupted and a new production 

                                           plant is being built and will start working on 2014.  



Pertussis vaccine:  - Bordetella pertussis inativated whole cell by  

          formaldehyde 

   - Reatogenic, in part by the presenc of LPS 

 

 

Example of an Adjuvant developed at Instituto Butantan 

http://upload.wikimedia.org/wikipedia/commons/8/8b/Gram_negative_cell_wall.svg


Development # 1 

A new whole cell pertussis vaccine, less reactogenic by the removal of 

LPS  

 

Vaccine DTPw               Vaccine DTPlow 

 

 

 

 

Development # 2 

A new MPLA adjuvant produced from Bordetella pertussis LPS 

 

 

LPS                       MPLA 



MPLA present adjuvant response, LPS is a endotoxin (pirogen),  

one of the mediators of septic syndrome 





Figure 4. Investigation of MPLA dose in the presence or absence of Al(OH)3. Sera from 
individual mice immunized with 3.75 mg HA/dose of H3N2 split virion influenza vaccine were 
analyzed for HAI titers when increasing concentrations of MPLA were combined with no 
other adjuvant (A), or with Al(OH)3 (B).    indicates HAI GMT. 
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A B 

Adjuvant activity of MPLA on H3N2 split virion 
seasonal influenza strain vaccine using ¼ of a 

dose 

HAI titers of 1:40 is considered protective 



 
Vaccine dose 
(HA content) 

No adjuvant Al(OH)3 MPLA 
(aqueous 

suspension) 

Al(OH)3+MPLA 
(aqueous 

suspension) 

3.75 mg 1:20 1:289 1:40 1:200 
7.5 mg 1:127 1:260 1:164 1:320 
15 mg 1:136 _ _ _ 

Table 4. HAI titers induced by H5N1 split virion vaccine with different adjuvant formulations 

HAI titers were measured using sera collected 21 days after the inoculation of the  
vaccine. GMT of 5 animals is shown.  HAI titers of 1:40 is considered protective 

Split virion 

Figure 5. HAI titers in immunized mice. Mice were immunized with one (A) or two (B) 3.75 
mg doses of H5N1 whole virus vaccine using the indicated adjuvant formulations. Sera 
were collected 21 days after each immunization and tested for HAI. Individual values and 
GMT are shown. 
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- Higher production of influenza vaccine (seasonal and pandemic) 

  (3,75 ug of antigen instead of 15 ug, 4X more vaccines) 

 

 

- Lower cost (Less antigen, cheap adjuvant – MPLA from B. pertussis) 





Avaliação da imunogenicidade e proteção 
conferida pela vacina KSAC em cães 

Apresentação do estudo realizado em canil de experimentação  

fujiwara@icb.ufmg.br 
(31) 9123-8840 

Steve Reid (IDRI) 

Antônio Campos Neto (The Forsyth Institute) 

Equipe Butantan 

Universidade Federal do Piaí, Maranhão e Ceará 

mailto:fujiwara@icb.ufmg.br
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Antigeno KSAC, mais efetiva contra leishmaniose visceral  (Goto Y, 
et al, 2011). A vacina candidata contra a leishmaniose visceral 
(Leishmania donovani e Leishmania infantum) utiliza como 
antígeno vacinal, uma poliproteína composta pela proteína 11 da 
membrana do kinetoplastídio de Leishmania donovani (KMP-11), 
correspondente aos nucleotídios 1-276 (Genbank: 
XM_001468995.1) , proteína esterol 24 -c-metiltransferase (SMT) 
de Leishmania infantum, correspondente aos nucleotídios 4-1059 
(Genbank: XM_001469795.1), proteína antígeno S homólogo 
estágio específica A2 (A2) de Leishmania donovani 
correspondente aos nucleotídios 4-779 (Genbank: S69693.1)  e 
cisteína protease tipo I de Leishmania infantum (CPB) 
correspondente aos nucleotídios 738-1687 (Genbank: 
AJ420286.1). 
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Figura 1- Proteína multi-epitopo KSAC clonado no vetor pET29a. 
Expressão em bactéria E. coli HMS174 (DE3). 
Banco semente produzido pela Charles River Laboratory (USA). 
Antígeno produzido em BPF pela Merial (Fr). 

 

RECOMBINANT PROTEIN CERTIFICATE OF ANALYSIS

Recombinant Name: KSAC

Protein Description: Recombinant Leishmania fusion antigen

Lot Number: 440-92 (KSAC-81)                                  

Date of production: 06-JUL-2011

Protein Concentration (mg/ml): 0.398 mg/ml (BCA)

Vials (#): 11 vials (1 ml/vial) 

Total Amount (mg): 5.6 mg

Buffer: 20 mM Tris pH 8.0

Endotoxin: 3480 EU/mg (Endosafe)

SDS-PAGE Analysis (Final Coomassie gel)      

Expression vector and host: pPDM, HMS-174                    

Purification method: DE52 - QHP - HA – S100 

Predicted size & pI: 105052 Da,  pI 5.9

Location of primers/sequences N/A

Note:  All bands detected by Western Blot

148 Kd

98 Kd

REDUCED                NON-REDUCED

4-20% Tris-Glycine

M: SeeBlue Plus2 MW Marker

2 and 5 ug KSAC loaded

M     2       5                     M      2       5

ANTÍGENO KSAC 



Metodologia 

Animais 

Canis familiaris 

•  Machos e fêmeas 

•  Idade mínima de 4 meses 

•  Ração e água ad libitum 

•  Previamente submetidos a tratamento anti-helmíntico e vacinação (parvovirose, 

cinomose, adenovírus, hepatite, adenovírus tipo 2, parainfluenza, coronavirose, 

leptospirose, tosse canina e Bordetella bronchiseptica) (Fujiwara, 2003) 

Critérios de inclusão: 

 

• Sem histórico de infecção por Leishmania 

• Sorologia negativa 

• PCR negativo (medula óssea) 

• Hemograma, função renal e hepática com valores normais 



Delineamento experimental 
Objetivos 



Delineamento experimental 

90d 

Desafio com 1 x 107 promastigotas (via endovenosa) 

Cepa MHOM/BR/1972/BH46 

3 mpc 24 mpc 6 mpc 12 mpc 18 mpc 

V1 V2 V3 

0 30d 60d 75d 

....... 

30 mpc 



Delineamento experimental 

V1 V2 V3 

Imunogenicidade vacinal Imunogenicidade e eficácia vacinal 

90d 3 mpc 24 mpc 6 mpc 12 mpc 18 mpc 0 30d 60d 75d 30 mpc 



Produção de IgG induzida pela vacinação (imunogenicidade) 

 

Produção de IgG após infecção-desafio (proteção) 

(Fujiwara et al., 2005; Fujiwara et al., 2007) 

KSAC 

Kit EIE-LVC (Biomanguinhos) 

ELISA indireta 

rK39 (IDRI) 

Determinação da produção de anticorpos 
Metodologia 



Metodologia 
Avaliações hematológicas e bioquímicas 

Hematológicas 

Auto Hematology Analyzer 

BC-2800Vet 

Número de leucócitos/mm3 

Níveis de hemoglobina 

Contagem de plaquetas 

Contagem diferencial de leucócitos 

Laboratório de Análises Clínicas e 

Toxicológicas / Faculdade de Farmácia/UFMG 

Bioquímicas 
  Alanina aminotransferase (ALT) 

 Aspartato aminotransferase (AST) 

 Uréia 

 Creatinina 

 Albumina 

 Proteínas totais 

Bilirrubina total 

Cálcio  

Fosfatase alcalina 

Globulina 

Fósforo  

Gama GT 

Glicose 

Sódio 

Amilase 
 

Dosagem 



Metodologia 
Avaliação parasitológica 

Avaliação da infecção e carga parasitária 

PCR quantitativa (qPCR) 

(Mary et al., 2004; Selvapandyian et al., 2009; Alves et al., 2009 ) 

PCR em tempo real 

DNA polimerase  

•Amplificação de fragmento de 90 bp 

• Curva padrão com plasmideo de Leishmania 

• Foward 5′ TGT CGC TTG CAG ACC AGA TG 3′  

•Reverse 5′ GCA TCG CAG GTG TGA GCA C 3′′  
 

-actin 

•Amplificação de fragmento de 307 bp 

•Forward, 5′ CTTCTACAACGAGCTGCGCG 3′  

•Reverse, 5′ TCATGAGGTAGTCGGTCAGG. 

Extração de DNA 



Metodologia 
Acompanhamento clínico 

Escore clínico 

Necropsia e Laudo clínico* 



Imunogenicidade 
Produção de anticorpos Anti-KSAC 

Antibody response of beagle dogs immunized with KSAC.  Animals were immunized three times 

(one month apart) with 10μg of KSAC mixed with either the adjuvant GLA (10 and 50 μg), or the 

adjuvant MPLA (10 and 50μg) or saline.  Dogs were bled before the immunizations (Pre-immune), 30 

days after the priming and first boost, 15 days after the second boost, and 6, 12, 18, 24 and 30 months 

after challenge.  Antibody response was measured by conventional serological ELISA with sera diluted 

at 1/100.  Bars represent the SD for the OD obtained per group.  



Hipersensibilidade tardia frente ao KSAC (30 dias) pós-vacinação 

DTH reaction in KSAC immunized and control dogs.  Groups of dogs were immunized three times 

(one month interval) with either saline, or with 10μg of KSAC mixed with saline, or with two 

concentrations of MPLA (10 and 50μg) or with two concentrations of GLA (10 and 50 μg).  Thirty days 

after the last immunization the animals were skin tested with 5 μg of KSAC using the Mantoux technique 

(100μl of antigenic solution inoculated intradermally).  Induration reactions were read 48 hours later.  

Bars represent individual animals.  

Imunogenicidade 



Hipersensibilidade tardia frente ao KSAC 

DTH reaction in KSAC immunized dog (KSAC + MPLA50) 

Imunogenicidade 



Proteção 
Produção de anticorpos Anti-rK39 

Antibody production (IgG anti-rK39) in immunized and control dogs 30 months after challenge 

with L. infantum. Solid lines represent median and dotted line represent the calculated cut-off to 

distinguish positive animals (cut-off = 0.065, considering 3 standard deviation).  

*Result using serum obtained during euthanasia/necropsy 

**Loss of animals with no association with leishmaniasis (fight) 

***Loss of animal with association with leishmaniasis 



Proteção 

Parasite burden in immunized and control dogs 24 months after challenge with L. infantum. Solid 

line represent median of parasites per million of host cells. 

 *Results from samples obtained during euthanasia/necropsy 

Detecção de Leishmania por qPCR 

Carga parasitária 



Proteção 
Detecção de Leishmania por qPCR 

*Perda de animais não relacionadas ao processo de infecção 

 

Número de animais positivos após 24 meses de infecção 



Proteção 

Parasite burden in immunized and control dogs 30 months after challenge with L. infantum. Solid 

line represent median of parasites per million of host cells. 

Detecção de Leishmania por qPCR 

Carga parasitária 



Proteção 

Bone marrow smear with macrophage parasitized with L. infantum 

(Animal 873 – Saline) during follow up of 12 months after challenge  

Detecção de Leishmania por qPCR 

Carga parasitária 



Proteção e Segurança 

Clinical score observed in immunized and control dogs 24 months after challenge with L. 

infantum. Solid line represent mean average of clinical score. Values represent differences to the Saline 

group (P values were provided).  

Acompanhamento clínico 

Escore clínico 



Proteção e Segurança 

Clinical score observed in immunized and control dogs 30months after challenge with L. 

infantum. Solid line represent mean average of clinical score.  

Acompanhamento clínico 

Escore clínico 



Proteção e Segurança 

Animal 996 (Saline). Opacidade de córnea e aumento do abdômen, alterações estas associadas a 

resposta após desafio. Após os primeiros sintomas, o animal apresentou perda de peso progressiva. 

Foi observado o óbito do animal 996 (Saline) no dia 09/12/2011, com uveite, aumento do abdômen, 

perda de peso progressiva, sem nenhuma relação com processo vacinal. Positividade para qPCR. 

Acompanhamento clínico 

Laudos clínicos (necropsia) 

Animal 900 (Saline). Tumor mamário de crescimento explosivo, com óbito 21 dias depois do 

diagnóstico e tratamento intensivo com quimioterápicos. Durante necropsia, metástase nos linfonodos 

subiliacais foram encontradas, envolvendo e obstruindo os ureteres do animal. Sinais associados à 

leishmaniose. Positividade para qPCR. 

Animal 874 (KSAC + MPLA10). Briga foi decorrente do estado de cio. Feridas estavam concentradas 

na região inguinal e de membros posteriores. 

Animal 822 (KSAC + GLA50). Briga foi decorrente do estado de cio. Feridas estavam concentradas na 

região inguinal e de membros posteriores. 



Proteção e Segurança 
Acompanhamento clínico 



Avaliações hematológicas e bioquímicas 

Hematológicas 

Auto Hematology Analyzer 

BC-2800Vet 

Número de leucócitos/mm3 

Níveis de hemoglobina 

Contagem de plaquetas 

Contagem diferencial de leucócitos 

Laboratório de Análises Clínicas e 

Toxicológicas / Faculdade de Farmácia/UFMG 

Bioquímicas 
 Alanina aminotransferase (ALT) 

 Aspartato aminotransferase (AST) 

 Uréia 

 Creatinina 

 Albumina 

 Proteínas totais 

Bilirrubina total 

Cálcio  

Fosfatase alcalina 

Globulina 

Fósforo  

Gama GT 

Glicose 

Sódio 

Amilase 
 

Dosagem 

Proteção e Segurança 



Resumo dos resultados e considerações 

• A produção de anticorpos anti-KSAC foi patente até 24 meses após 

imunização, com considerável queda após 30 meses de acompanhamento 

 

• Considerando produção de anticorpos e resposta de hipersensibidade 

tardia (Teste de Montenegro), as vacinas KSAC+MPLA10, KSAC+MPLA50 

demonstraram melhor potencial de imunogenicidade  

 

• As vacinas KSAC+MPLA10, KSAC+MPLA50 e KSAC+GLA50 apresentaram 

redução significativa de carga parasitária 30 meses após a infecção 

desafio 

 

 

• A longa patência da infecção foi decorrente da cepa utilizada da infecção 

(MHOM/BR/1972/BH46) e deve ser reduzida pela utilização da cepa CL14 

(Wild type strain isolada em campo), atualmente em teste no laboratório 

(patência de 12 meses).  



Tradition : A revolution incorporated in the routine life of the people 

 

 

Revolution: Something that will be incorporated as tradition 

 

 

Each vaccine development can be a revolution in public health. 

 

If it works and if it is acessible to all,  

the developed vaccine becomes a tradition! 

 

Thanks! 

 

 

 



Perspectivas 

 

• Xenodiagnóstico 

 

• Histopatologia 

 

• Disponibilidade de teste de vacinas ou adjuvantes em modelos 

                  (cães, coelhos, primatas – Callithrix sp, etc) 

 

 

 

• Apoio laboratorial aos centros de teste em campo 

 

• Banco de amostras e controle de qualidade 



Modulation of adaptative 

immunity by aluminium 

salts, by stimulating the 

production of antibodies 

(Th2 response) and 

inhibiting Th1 response 

Acúmulo destas células no sítio de injeção  

e também no baço (eosinófilo) 

Inibição 

-? 











Alum adjuvant effect is complex and may involve several  

different pathways and mechanisms !! 





Metabolismo e resposta imune 
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