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Parte |

Relatorio de Estagio de Farmacia Comunitaria

Farmacia Monte Formoso

Sob orientagao da Dra. Maria Ivone Fernandes Barroso Borges Rebelo
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MONTE FORMOSO




Abreviaturas

ADO
DCI
EC
FMF
ISRS
MICF
MNSRM
MSRM
NOAC
PVP
SNS

SWOT

Antidiabético oral

Denominagao Comum Internacional

Estagio Curricular

Farmacia Monte Formoso

Inibidor Seletivo de Recaptagao de Serotonina
Mestrado Integrado em Ciéncias Farmacéuticas
Medicamento nao sujeito a receita médica
Medicamento sujeito a receita médica

Do inglés, Non-vitamin K antagonist oral anticoagulants
Preco de venda ao publico

Servico Nacional de Saude

Do inglés, Strengths, Weaknesses, Opportunities, Threats



I. Nota Introdutoria

O Mestrado Integrado em Ciéncias Farmacéuticas (MICF) permite consolidar e por em
pratica os conhecimentos adquiridos ao longo de 5 anos através do Estagio Curricular (EC)
realizado no dltimo semestre em diferentes areas profissionais, sendo uma delas Farmacia
Comunitaria. Embora as Ciéncias Farmacéuticas tenham uma vasta area de saidas profissionais,
é na Farmacia Comunitaria que se concentram grande parte dos farmacéuticos, e é também
através dela que podemos exercer a nossa fungao mais direta na sociedade. O farmacéutico,
além de ser o especialista do medicamento, e de se encontrar em todas as areas onde esta
presente o medicamento, é também o primeiro profissional de saide ao qual a sociedade
recorre, na maior parte das vezes, seja pela facilidade de contacto, pela criagao de uma relagao
mais estreita ou pela confianga e qualidade no aconselhamento e prestacao de cuidados
primarios de satide'. E por isso, fundamental aprimorar os conhecimentos adquiridos de modo

a concluir o 2° ciclo de estudos do MICF.

Neste contexto, realizei o meu EC em Farmacia Comunitaria na Farmacia Monte Formoso
(FMF), na rua Cidade de Halle, localizada na cidade de Coimbra, tendo sido orientada pela
Dra. Maria Ivone Rebelo, Farmacéutica Substituta. A FMF é composta por 4 elementos, todos
eles farmacéuticos, sendo a responsabilidade técnica do Dr. Gilberto Gaio. Trata-se de uma
equipa multidisciplinar e jovem que procura estar proximos das necessidades dos utentes,
facto acentuado por esta farmacia se localizar numa zona residencial da cidade, resultando
numa maior proximidade entre utente-farmacéutico. O meu periodo de estagio foi

compreendido entre 10 de janeiro a |3 de maio de 2022.

O presente relatorio assenta numa analise SWOT (Strengths, Weaknesses, Opportunities and
Threats), que veio estimular a minha postura critica ao longo do estagio, resultando numa maior

capacidade de identificacao de problemas e desafios bem como a procura de solugoes.



2. Analise SWOT

Como estabelecido pelas normas orientadoras de estagio, na tabela | estao identificadas e
posteriormente descritas, algumas das caracteristicas relativas a farmacia e ao plano de estudos
de MICF que contribuiram beneficamente (Pontos Fortes) ou dificultaram (Pontos Fracos) o
meu desempenho ao longo do estagio. Sao também apresentadas situagoes externas que
vieram fomentar (Oportunidades) ou, por outro lado, limitar o meu desenvolvimento e

aprendizagem (Ameagas).

Tabela I: Andlise SWOT. Identificacdo dos pontos fortes, fracos, oportunidades e ameacas
identificadas no decurso do estagio.

Pontos Fortes (Strengths) Pontos Fracos (Weaknesses)

» Equipa multidisciplinar e filosofia | > Nomes Comerciais;
Kaizen; » Aconselhamento em produtos veterinarios;
» Diversidade de servigos; » Pouco aconselhamento de dermocosmeética.

> Utentes fidelizados.

Oportunidades (Opportunities) Ameacas (Threats)

» Estagiario unico; » Barreira inicial entre estagiario-utente;

» Periodo sazonal; » Comparagio do preco de venda ao publico
» Servigo de cessagao tabagica. (PVP) de produtos de venda livre em farmacia

comunitaria com outros estabelecimentos.

2.1 Pontos Fortes (Strengths)

2.1.1 Equipa multidisciplinar e filosofia Kaizen

A equipa da FMF para além da sua atividade farmacéutica, esta frequentemente envolvida
em formacgoes continuas. Assim, foi fundamental para o meu estagio contactar com uma equipa
proativa, o que acabou por me incentivar a participar também em formagoes externas por
delegados de informagao médica. Além disso, a farmacia tinha implementada a Filosofia Kaizen,
que tem sido muito desenvolvida ao longo do tempo e difundida por todo o mundo, cujo
objetivo consta na melhoria continua e na gestao sistematica que envolve toda a equipa. Eram
frequentes reunides com todos os membros, bem como a existéncia de uma area de
comunicagao onde eram expostas questoes e problemas a serem discutidos, e outra area onde

eram apresentadas todas as fungdes e atividades semanais e mensais de cada membro da




equipa, bem como respetivos horarios de trabalho. A meu ver, esta é uma excelente
ferramenta de trabalho, que quando bem aplicada pode maximizar recursos e otimizar

resultados.

2.1.2 Diversidade de servicos

A vertente de atuagao mais significativa, e aquela em que o farmacéutico comunitario esta
mais representado, € no aconselhamento farmacéutico junto da comunidade. Em acréscimo, a
farmacia Monte Formoso dispunha de outros servicos como: preparagao de medicamentos
manipulados, preparagao de medicagao individualizada, realizacao do teste da glicémia, perfil
lipidico, medicao da pressao arterial e da frequéncia cardiaca, administracao de injetaveis e
ainda o servico de cessacao tabagica. Esta diversidade de servigos foi fundamental, nao so6
porque pude participar e observar (no caso da administracao de injetaveis) em todos eles,
como também mudar a visao limitada que tinha anteriormente acerca da intervengao do
farmacéutico comunitario. Junto da comunidade estes servigos revelam- se uma mais-valia pois
€ a farmacia, normalmente, que as pessoas recorrem primeiramente. A execucao destes
servigos tem por base a monitorizagao de fatores de risco associados ao desenvolvimento de
patologias com elevada mortalidade e morbilidade, sendo por isso necessaria sensibilizagao e

apoio junto da comunidade.

2.1.3 Utentes fidelizados

A FMF possui um elevado numero de utentes habituais, nomeadamente residentes da zona
que vao frequentemente buscar a sua medicagio, e solicitar aconselhamento quando
necessario. Consequentemente, a farmacia tinha acesso ao seu histérico de medicacao habitual
e ainda a outros dados, tais como: alergias, efeitos adversos a determinados medicamentos e
outras adverténcias importantes. Estas informagdes sao extremamente importantes no
seguimento do utente e prestagao de apoio ja que, atualmente, as farmacias comunitarias ainda
nao estao inseridas em redes de partilhas de dados clinicos do doente. Isto pode comprometer
seriamente o acompanhamento individualizado, pois deixamos de ter acesso a dados cruciais,
caso o utente adquira noutra farmacia ou até hospital. Até la, torna-se ainda mais importante
a fidelizagao desses utentes, principalmente na aquisicao da sua medicagao e monitorizagao de

parametros.



2.2 Pontos Fracos (Weaknesses)

2.2.1 Nomes comerciais

Desde o inicio do estagio verifiquei que a maioria dos utentes tinham propensio em
denominar os medicamentos pelo seu nome comercial. Inicialmente, a compreensao ao
medicamento pretendido era um obsticulo, pois ao longo do MICF tornamo-nos mais
familiarizados com a respetiva denominagao comum internacional (DCI). No entanto, ao longo
desses meses essa dificuldade foi diminuindo, quer pela pratica ao balcao, quer por atividades
de backoffice como a recegao e conferéncia de encomendas, pois permitiu-me um contacto

mais estreito com os nhomes comerciais.

2.2.2 Aconselhamento em produtos veterinarios

A FMF é uma farmacia muito procurada na aquisicio de produtos veterinarios,
principalmente em casos de desparasitagcoes interna e externas de animais de companhia,
como caes e gatos. No entanto, senti algumas dificuldades no aconselhamento destes, pedindo
muitas vezes auxilio a um dos membros da equipa. Apesar das bases adquiridas no MICF, senti
necessidade de um estudo posterior mais aprofundado, para conseguir exercer os proximos

aconselhamentos veterinarios.

2.2.3 Pouco aconselhamento em dermocosmética

Durante o estagio curricular foram poucas as vezes que fui abordada para o aconselhamento
em dermocosmética. A grande parte das vezes, as pessoas ja se dirigiam a farmacia com
determinado produto em mente e nao estavam abertas a aconselhamento mesmo quando
questionadas. Por outro lado, a farmacia encontrava-se numa zona mais carenciada e sem
poder de compra, e por isso eram raras as pessoas que se dirigiam a farmacia para esse mesmo

aconselhamento.

2.3. Oportunidades (Opportunities)

2.3.1 Estagiario unico

Ao longo do estagio (exceto maio) fui a Unica estagiaria de MICF na farmacia Monte
Formoso, dai ter tido a oportunidade de acompanhar de perto e de realizar um maior nimero
de tarefas diferenciadas, sentindo-me por isso mais desafiada. Além disso, permitiu-me um
contacto mais chegado com todos os membros da equipa, que acabavam por ter também mais

disponibilidade para me acompanharem, tirando assim mais proveito.



2.3.2 Periodo Sazonal

Tendo em conta o periodo de realizagao deste estagio (janeiro-maio), contactei com
diversas patologias caracteristicas destas épocas sazonais, das quais destaco: gripes e
constipagoes, no inverno, e alergias, na primavera. Deste modo, aprofundei mais os meus
conhecimentos a nivel pratico destas patologias sazonais, tornando-me mais capaz no futuro

de exercer o aconselhamento farmacéutico.

2.3.3 Servico de cessacao tabagica

Nas ultimas semanas de estagio tive a oportunidade de ajudar a introduzir o servico de
cessagao tabagica. A criagao deste servico tem como foco a pessoa fumadora, as suas
preocupagoes e consequéncias do ato de fumar. Para isto foi necessario um estudo robusto e
formacao por parte de toda a equipa, no que diz respeito ao funcionamento do servigo, e
respetiva introdugao no contexto de farmacia comunitaria. O servico foi promovido,
essencialmente ao balcao, o que veio incitar a minha comunicagao com os utentes. Ja na
consulta realizada, exclusivamente no gabinete de apoio ao utente, era feita uma entrevista
onde avalidvamos o nivel de motivagao da pessoa, os seus objetivos e receios. Posteriormente,
era desenvolvido o plano terapéutico, caso a pessoa aderisse ao servico. A partir dai o utente
era acompanhado, no espaco de | ano, pelo mesmo farmacéutico. E de realcar, nos primeiros
tempos, as agoes de manutencao do plano mais frequentes como as proéprias consultas,

mensagens ou chamadas para a pessoa em tratamento.

E indiscutivel a criacio de uma relacio muito mais estreita entre utente- farmacéutico em
gabinete em comparagio com aquela habitualmente criada ao balcio. E notavel que prépria
pessoa estad muito mais calma, pronta a ouvir e a sentir-se escutada, mais motivada e sem
interrupgoes causadas por fatores externos que ao balcao estio, na maior parte das vezes,
fora de controlo. Por tudo isto, ¢ irrefutavel a importancia do servico de cessagao tabagica

para o aumento da taxa de sucesso.

2.4. Ameacas (Threats)

2.4.1 Barreira inicial entre estagiario-utente

Nos primeiros meses de atendimento ao balcdo, o receio e a falta de confianga no ato de
aconselhamento, traduziram-se num numero mais limitado de atendimentos, facto este
acentuado pela apreensao de alguns utentes ao serem atendidos pelo elemento estagiario.

Contudo, apds algum tempo, concluo que essa barreira entre estagiario-utente foi



ultrapassada, sobretudo através da comunicagao, crescente conhecimento e uma atitude mais

confiante na indicagao farmacéutica.

2.4.2 Comparacao do PVP de produtos de venda livre em farmacia comunitaria com outros

estabelecimentos

Eram varias as vezes que as pessoas recorriam a farmacia com a intencao de saber o PVP
de determinados produtos de venda livre e, posteriormente, adquiri-los noutros
estabelecimentos com PVP, algumas vezes, mais barato, mas que sao desprovidos,
frequentemente, de profissionais capacitados para o aconselhamento e eventuais interagoes
com outros medicamentos, o que se pode traduzir em graves consequéncias na saude do

utente.

3. Casos Praticos

Ao longo do estagio, foram frequentes os casos que necessitaram de um atendimento mais
personalizado. De seguida, sao apresentados e descritos cinco casos praticos que decorreram
em contexto de atendimento ao balcao, evidenciando o papel e a importancia do farmacéutico

na saude e bem-estar da comunidade.

Caso Pratico |

Utente habitual dirigiu-se a farmacia com uma prescrig¢io de apixabano 5mg (Eliquis®) para
dar continuidade ao tratamento, e de sertralina 50mg iniciada ha cerca de um més. No
decorrer da dispensa, o senhor referiu que andava com pequenas hemorragias nas gengivas.
Acabou por referir também falta de libido e distlrbios gastrointestinais. Recolhidos estes
dados, pude associar as hemorragias aos efeitos adversos do apixabano, um anticoagulante
oral nao antagonista da vitamina K (NOAC), e a uma possivel interagao do apixabano com a
sertralina, um inibidor seletivo de recaptagao de serotonina (ISRS), que pode potenciar o
aumento do risco de hemorragia. Sugeri que devia procurar consultar o médico, pois a dose
de apixabano podia ter de ser ajustada, e para avaliar a toma concomitante com a sertralina.
Em todo o caso, devia fazer anilises, para avaliar parametros, nomeadamente, o tempo de

protrombina em segundos e o fator anti-FXa no soro.

Ja a falta de libido e os disturbios Gl seriam consequéncias da toma inicial de sertralina, uma

vez que estava no inicio do tratamento, logo a tendéncia seria para esses sintomas diminuirem



e acabarem por desaparecer. No entanto, recomendei procurar aconselhamento ou contactar

o médico se esses sintomas persistissem.

Caso Pratico 1l

Uma senhora com aproximadamente 70 anos solicitou para medir a tensao arterial. Em
conversa com a senhora verifiquei que nao tomava qualquer medicagao para a hipertensao,
contudo na ultima semana tinha andado um pouco ansiosa com uma situagao pontual, e além
disso, nessa manha estava com dor de cabega e sensagao de falta de ar. Apds a medigao, os
resultados foram 14,5 mmHg (sistdlica) e 7,5 mmHg (diastolica) e frequéncia cardiaca 84 bpm.
Como a senhora atribuia esse periodo particular a ansiedade decidi dispensar Valdispert® 125
mg (2 a 3 vezes ao dia neste periodo de ansiedade mais acentuada), um medicamento a base
de Extrato de Valeriana, usado para sintomas de ansiedade ligeira. Acrescentei ainda que era
importante continuar a monitorizar a tensao arterial até normalizar e, em caso contrario,

contactar o médico.

Passado uns dias, a senhora voltou a farmacia medir, novamente, a tensao arterial que ja se
encontrava a 12,2 mmHg (sistolica) e 6,9 mmHg (diastdlica) e com frequéncia cardiaca a 68
bpm. Concluiu-se que era, de facto, uma situacdo de ansiedade ligeira e agradeceu o

acompanhamento farmacéutico.

Caso Pratico 1l

Um utente com 35 anos chegou a farmacia a queixar-se de cansago anormal, visao turva.
Referiu também aumento da frequéncia de micgao e sede. Como apresentava um quadro
sugestivo de diabetes, decidi fazer medicao da glicémia, para despiste. Como resultado,
apareceu HI no visor. Fiz uma 2* medigao que culminou no mesmo resultado. Consultando o
significado verifiquei que a glicémia se encontrava acima de 600 mg/dl. Podendo ocorrer riscos
agravados no momento, chamei o |12. Mais tarde, soube-se que tinha sido diagnosticado
Diabetes Mellitus tipo 2 e tinha sido instituida insulinoterapia até melhoria do estado
metabdlico, combinada com metformina, um antidiabético oral (ADQO) de primeira linha.
Posto este caso, é de realcar o papel fulcral do farmacéutico na monotorizagao de parametros

que, caso contrario, poderia levar a graves consequéncias e lesdes irreversiveis.



Caso Pratico IV

Senhora idosa apresentou queixa de pernas cansadas e inchadas. Solicitando-lhe para
observar as pernas, verifiquei a presenga de pequenas manchas vermelhas e roxas e além disso
tinha a pele seca, nao estando a usar qualquer tipo de hidratante. Depois de questionar a
utente, constatei que os sintomas se agravavam ao longo do dia. Neste contexto, aconselhei
Cedraflon® um creme 2 base de extrato de cidra de Cérsega (Citrus medica vulgaris) e mentol,
para aplicar diariamente, pois tem uma agao refrescante e hidratante, e além disso ajuda a
aliviar a sensagao de pernas cansadas. Como terapéutica principal para a sintomatologia
apresentada dispensei Daflon® 1000, um venotrépico a base de flavonoides micronizados
(diosmina e hesperidina), | comprimido de manha. Como medidas nao farmacoldgicas
aconselhei evitar os banhos com dagua muito quente e vestuario apertado. Recomendei
também uma boa hidratacao, a pratica de exercicios favoraveis a boa circulagio e massagem

de baixo para cima (no sentido ascendente da perna).

Caso Pratico V

Jovem de |9 anos com apresentagao caracteristica de dermatite atopica nas maos (eritema,
prurido e alguma descamagio entre os dedos) solicitou Pandermil® (hidrocortisona topica),
um corticosteroide indicado para diversas afegoes da pele como a dermatite. Referiu que ja o
tinha usado nos ultimos tempos e que a fase de crise tinha sido resolvida rapidamente, devido
ao efeito do corticosteroide. No entanto, tendo em conta os efeitos indesejaveis
caracteristicos dos corticosteroides, principalmente pelo seu efeito rebound e sensibilizante,
aconselhei Dexyane Med®, um dispositivo médico a base de hydroxidecina e enoxolona, sem
corticosteroides. Recomendei coloca-lo diretamente no eczema, permitindo assim reduzir a
inflamagao, o prurido e suavizar a secura cutinea. Deste modo, limitaria o uso de
corticosteroides as fases de crise mais agudas, no maximo durante 5 a 7 dias. Nas fases de
remissao deveria usar um creme de prevencao com emolientes e humectantes, como por
exemplo o Bephanten SensiControl®, de maneira a espacar as fases de crise e a prolongar as
fases de remissao. Alertei que devia ainda ter presente as situagoes e os agentes de
agravamento de forma a evita-los, como por exemplo joias e produtos irritantes (certos

produtos de limpeza ou cosméticos).



4. Consideracoes Finais

Findo este estdgio, estou certa de que consegui aperfeicoar e por em pratica os
conhecimentos adquiridos ao longo do MICF. Além disso, o EC em Farmacia Comunitaria
deu-me a possibilidade de ter um contacto mais direto e pratico com o medicamento e o
utente, e assim aplicar os conhecimentos teéricos. Decerto que o estagio superou as minhas
expectativas iniciais, pois embora ainda haja um longo caminho a percorrer a importancia dos
servigos farmacéuticos em contexto de farmacia comunitdria sao inquestionaveis, nao sé na
qualidade de vida para a sociedade, como para a sustentabilidade do SNS, permitindo reduzir
custos e otimizar resultados terapéuticos®. E por isso essencial que o farmacéutico possa estar
mais envolvido na relagdo com o SNS, como na partilha de dados clinicos e o apoio na consulta

farmacéutica, por exemplo.

Da FMF levo nao s6 conhecimentos técnicos e cientificos para a minha vida profissional em
prol da sociedade, como também a importancia de uma organizacao de trabalho de exceléncia,
onde o rigor e a uniao de equipa fazem parte das suas bandeiras para uma dinamica de trabalho
distinguivel, e com isso, servir as necessidades do utente com um acompanhamento
personalizado. A equipa da FMF estarei eternamente grata, pela confianca que depositaram em
mim, ciente do compromisso necessario para exercer esta honrosa profissao, ser

Farmacéutico!
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Abreviaturas

AO
AT
DT
DU
FA
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IPOCFG, E.P.E.

MICF

SF

SWOT

TSDT

UPC

Assistente operacional
Assistente técnico
Distribuicao tradicional
Dose unitaria

Farmacia de ambulatério
Farmacia hospitalar

Instituto Portugués de Oncologia de Coimbra Francisco Gentil,

Entidade Publica Empresarial

Mestrado integrado em Ciéncias Farmacéuticas
Servicos farmacéuticos

Do inglés, Strengths, Weaknesses, Opportunities, Threats
Técnico superior de diagnoéstico e terapéutica

Unidade de preparagao de citostaticos



|. Nota Introdutoria

A farmacia hospitalar (FH) é uma das saidas profissionais em atual reestruturagao e
expansao do Mestrado Integrado em Ciéncias Farmacéuticas (MICF), em que o farmacéutico
desempenha um papel crucial na prestagio de cuidados farmacéuticos. Sendo este o
especialista do medicamento, é imprescindivel a sua contribuigao na aquisigao racional e gestao
de medicamentos, validagao das prescrigoes médicas, distribuicao pelos blocos e enfermarias,
dispensa da terapéutica ao doente e respetivo seguimento, e monitorizagao dos ensaios

clinicos'.

O estagio foi realizado nos servigos Farmacéuticos (SF) do Instituto Portugués de Oncologia
de Coimbra Francisco Gentil, Entidade Publica Empresarial (IPOCFG, E.P.E), com a duragao
de 280 horas, e orientada pela Dra. Clementina Varelas, Diretora dos Servigos Farmacéuticos.
A escolha da realizagao deste estagio no IPOCFG deveu-se sobretudo ao interesse em
conhecer o papel do farmacéutico num hospital direcionado apenas para patologias do foro
oncolégico e adquirir mais conhecimentos da area de oncologia. O plano de estagio consistiu
numa reparticao pelos varios setores dos SF: Dose Tradicional (DT), Dose Unitaria (DU),
Farmacia de Ambulatério (FA), Unidade de preparagao de citostaticos (UPC) e Medicina

Nuclear.

Os servigos farmacéuticos do IPOCFG sao compostos por uma vasta equipa multidisciplinar:
8 farmacéuticas, || técnicos superiores de diagnostico e terapéutica (TSDT) de farmacia, |
assistente técnico (AT) e 6 assistentes operacionais/auxiliares (AO). Existe ainda a Comissao
de Farmacia e Terapéutica (CFT), constituida por duas farmacéuticas e dois médicos, que surge
da necessidade de aprovagao de novas terapéuticas especificas e elaboragao dos respetivos

protocolos.

20



2. Analise SWOT

Este relatério assenta numa andlise SWOT na qual sao expostos, na tabela |, e descritos os
pontos fortes (Strengths), pontos fracos (Weaknesses), englobados numa dimensao interna. Ja
numa dimensao externa sao analisadas as oportunidades (Opportunities) a as ameagas (Threats)

experienciadas ao longo deste estagio.

Tabela I: Andlise SWOT. Identificacao dos pontos fortes, fracos, oportunidades e ameacas
identificadas no decurso do estagio.

Pontos Fortes (Strengths) Pontos Fracos (Weaknesses)

» Interligacao entre diferentes profissionais |> Realizagao de poucas atividades de indole

de saude; farmacéutica;
» Integragao nos diferentes setores dos » Uso de sacos de plastico na cedéncia de
servigos farmacéuticos. medicagao ao doente.
Oportunidades (Opportunities) Ameacas (Threats)
» Consolidacao de conhecimentos dos » Escassez de recursos para uma otimizagao
diferentes grupos terapéuticos e a sua da monitorizagao no seguimento da
relagao com a oncologia; terapéutica do doente.

» Acao formativa sobre nutricao

parentérica.

2.1 Pontos Fortes (Strengths)

2.1.1 Interligacao entre diferentes profissionais de saude

O farmacéutico é um profissional de saude indispensavel, nao sé na dinamica da farmacia
hospitalar, como nos restantes servicos de um hospital. E, portanto, fulcral a sua interligagio
com os restantes profissionais de saude, sejam eles médicos, enfermeiros, TSDT, ou
assistentes técnicos/operacionais. Essa dinimica permitiu-me contactar com outros
profissionais de saude, e perceber a sua interligacao e entreajuda para assegurar o percurso

do medicamento.
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2.1.2 Integracao nos diferentes setores dos servicos farmacéuticos

Ao longo do estagio passei pelos diferentes setores dos servicos farmacéuticos, onde
contactei com as atividades e responsabilidades de cada um e a interligagao entre eles. O meu
primeiro contacto foi com o setor da distribuicao tradicional, responsavel pela reposicao de
stocks, principalmente de produtos de maior volume (nutrigao, soros e produtos inflamaveis),
pelos servicos clinicos do IPOCFG. E da responsabilidade do farmacéutico toda a gestio da
medicagao e contagem de stock, sendo esta assegurada de |5 em |5 dias. Além disso, os TSDT
realizavam a visita semanal ao servico de oncologia médica, para revisao de stock, prazos de

validade e verificacao das condicoes de armazenamento.

Ao contrario da distribuicio tradicional, a distribuicaio em dose unitaria é feita
individualmente para os doentes de internamento para periodos de 24 horas, e para 72 horas
a sexta-feira de modo a cobrir o fim de semana. Neste setor, a prescrigio médica carece de
validagao pelo farmacéutico, que verificam possiveis interagoes, forma farmacéutica, dose,
frequéncia e via de administragao. De seguida os TSDT procedem a preparagao individualizada
da medicagado com posterior conferéncia cruzada, para ser finalmente transportada ao

respetivo servigo de internamento.

O setor de farmacia de ambulatério foi o setor onde pude realizar mais tarefas como a
conferéncia de receituario, preparagao da medicagao e até contactar diretamente com o
doente, fazendo alguns aconselhamentos na cedéncia da medicagao, sempre acompanhada por
uma farmacéutica. Por fim, nos ultimos dias, visitei a unidade de preparagao de citostaticos
onde presenciei a validagao de protocolos de quimioterapia venosa e posterior preparagao

pelos TSDT, e o servico de medicina nuclear destinado a preparagao de radiofarmacos.

2.2. Pontos Fracos (Weaknesses)

2.2.1 Realizacio de poucas atividades de indole farmacéutica

O estagio em farmacia hospitalar decorreu, predominantemente, em regime observacional.
Tal facto, deve-se a responsabilidade exigidas pelas diferentes atividades farmacéuticas,
essencialmente, por se tratarem de doentes oncoldgicos, e existirem tratamentos complexos.
No entanto, considero que poderia haver uma restruturagao no plano de estagio e integragao,
no sentido de poder acompanhar mais as tarefas dos farmacéuticos como a validagao de
prescricoes médicas e gestao de stock na distribuicao tradicional, setores onde apenas

acompanhei os TSDT.
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2.2.2 Uso de sacos de plastico na cedéncia de medicacao ao doente

Na cedéncia de medicamentos e nutricao ao doente eram usados, sobretudo, sacos de
plastico para o seu transporte, o que se traduz numa pratica pouco sustentavel. Embora
nalguns casos sejam necessarios (medicamentos de frio e sensiveis a luz, por exemplo),
substitui-los por sacos de papel, sempre que possivel, seria uma boa pratica ambiental a ser

instituida.

2.3. Oportunidades (Opportunities)

2.3.1 Consolidacao de conhecimentos dos diferentes grupos terapéuticos e a sua relacao

com a oncologia

Ao longo do estagio, na DU foram-me propostos diversos trabalhos de pesquisa, tais como:
avaliagdo da administragio de medicamentos via sonda nasogastrica e compatibilidade de
eletrolitos e fluidos na terapia de infusdao. Da mesma maneira, em FA tive acesso a diferentes
planos terapéuticos, sejam de hormonoterapia, quimioterapia per os e terapia de suporte

(antieméticos e anti-infeciosos, por exemplo).

Além disso, visualizei o aconselhamento farmacéutico ao doente, onde era discutida a
terapéutica no inicio do tratamento, complementada por perguntas ao doente e folhetos
informativos, para este ficar mais elucidado. Posteriormente, no ato das préximas cedéncias

era questionado a existéncia de efeitos secundarios e avaliada a adesao a terapéutica.

2.3.2 Acao formativa sobre nutricao parentérica

O farmacéutico esta na vanguarda da inovagao farmacéutica, e por isso as formagoes
continuas sao essenciais para a sua atualizagdo. Nesse contexto, tive oportunidade de
presenciar uma formagao relativa a nutricao parentérica pela Fresenius Kabi. Este tipo de
nutrigao € uma via a considerar quando a ingestao oral ou a nutrigao pela via entérica esta
comprometida, o que nos doentes oncologicos é frequente, sobretudo em casos de cancro
da garganta ou no sistema gastro- intestinal. Assim, a via parentérica assegura as necessidades
nutricionais destes doentes. Esta implementagao deve ser acompanhada de uma intervencao

multidisciplinar na qual o farmacéutico deve estar inserido.
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2.4 Ameacas (Threats)

2.4.1 Escassez de recursos para uma optimizacio da monitorizacio da terapéutica do doente

Em farmacia de ambulatério, sector onde decorre a cedéncia de medicagao prescrita,
monitorizagao dessa mesma terapéutica e acompanhamento ao doente, a falta de privacidade
era um obstaculo na comunicagao entre farmacéutico-doente. Tal facto, deve-se a cedéncia
ser feita sempre ao balcao em contacto com um corredor muito movimentado e onde existiam
mais doentes em fila de espera o que resultava, muitas vezes, num constrangimento da pessoa
que estava a ser atendida e desconforto em colocar questoes. Esta situagao foi agravada ainda

mais pelas medidas de seguranga contra a COVID-19.

A meu ver, o ato da primeira cedéncia e a exposi¢ao de duvidas deveria ser feita em gabinete,

garantindo um melhor acompanhamento do doente.

3. Caso Pratico de Intervenciao Farmacéutica

No decorrer do estagio, principalmente em farmacia de ambulatério, era evidente a
intervencao do farmacéutico na avaliagao da adesado a terapéutica do doente, reagoes adversas
relatadas pelo doente e consequente comunicagao ao médico, se necessario. De seguida, é
apresentada uma intervenc¢ao farmacéutica que evidencia a importancia do farmacéutico no

acompanhamento do doente em contexto hospitalar.

Caso Pratico |

Na cedéncia habitual de tamoxifeno para o tratamento do cancro da mama com recetores
hormonais positivos, a doente referiu que lhe tinha sido prescrita fluoxetina pelo seu médico
psiquiatra. Ora, a interacdo destes dois farmacos é evidente, uma vez que certos
antidepressivos como a fluoxetina inibem a via CYP450 2Dé, levando a diminui¢ao do efeito
do tamoxifeno. Assim, em contacto com a médica, foi-lhe sugerido a troca do antidepressivo
por venlafaxina ou mirtazapina, antidepressivos com baixo potencial em inibir a via CYP450
2D6. Todavia, foi recomendado a doente o contacto com o seu médico psiquiatra para

esclarecimento do caso.
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4. Consideracoes Finais

O farmacéutico hospitalar exerce o papel um indispensavel e insubstituivel do farmacéutico
na dindmica do circuito do medicamento. Este profissional de saude é altamente diferenciado
e qualificado para exercer o acompanhamento direto no suporte terapéutico ao doente. De
forma a que este profissional progrida e passe a desempenhar fungoes mais centradas na clinica
e no doente foi essencial a aprovagao da carreira farmacéutica hospitalar, que ira formar
farmacéuticos especialistas nas areas de analises clinicas, farmacia hospitalar ou genética

humanaZ.

Concluido o estagio em farmacia hospitalar no IPOCFG, saliento a enorme responsabilidade
do farmacéutico hospitalar, que muitas vezes passa despercebida, mas que tem um forte
impacto da saude do doente. Além disso, real¢o a necessidade dos farmacéuticos em fungoes
como a gestao, controlo, produgao, validagao e cedéncia da medicagao, cujas intervengoes

ficariam muito comprometidas sem a presencga destes.

E certo que o farmacéutico hospitalar ainda tem um longo caminho a percorrer, e este deve
exigir o reconhecimento da sua profissao, dada a sua inegavel contribui¢cao na otimizagao dos

cuidados de saude.
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Abbreviations

CelTOS Cell-Transversal protein for ookinetes and sporozoites
CHMI Controlled human malaria infection

CPS Chemoprophylaxis and Sporozoite

CSP Circumsporozoite protein

DBP Duffy binding protein

DiCo Diversity-covering

EA-GAP Early-arresting GAP
GAP Genetically attenuated parasites
GIMO "Gene insertion/marker out"

GLA-SE Glucopyranosyl lipid adjuvant stable emulsion

HMP Human malaria parasite

IFA Immunofluorescence assay

IgG Immunoglobulin G

IgM Immunoglobulin M

IRS Indoor residual spraying

ITNs Insecticide-treated mosquito nets

LA-GAP Late-arresting GAP

LSAI Liver-stage antigen |

LSAP2 Liver-stage-associated protein 2
LSM Larval source management
MPL Monophosphoryl lipid A

NK Natural killer

PbA P.berghei ANKA

PEVs Pre-erythrocytic vaccines



PfAMAI
PfSPZ
PfSPZ-CVac
Pvs25

qPCR

QS-21

RAS

RBCs

TRAP

WHO

Plasmodium falciparum apical membrane antigen |
Plasmodium falciparum sporozoites
PfSPZ-Chemoprophylaxis Vaccine

P. vivax ookinete surface protein
Quantitative polymerase chain reaction
Quillaja saponaria Molina fraction 21
Radiation-attenuated sporozoites

Red blood cells
Thrombospondin-related adhesive protein

World Health Organization
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Abstract

Malaria is an infectious potentially-lethal disease caused by the Plasmodium parasite. Despite
all the efforts, it hasn’t been possible so far to achieve the ideal immunization approach and

the eradication of this disease seems far away.

Several vaccines targeting the different stages of malaria life cycle have been developed, and
the pre-erythrocytic vaccines report the best results. Despite the approval of the RTS,S
subunit vaccine and its potential implementation in endemic areas, the results in terms of

efficacy and long-lasting protection is not as good as desired.

Whole-sporozoite vaccines are able to solve some obstacles of subunit vaccines. This
document aims to describe the current whole-sporozoite vaccines approaches and a new
strategy based on the rodent parasite Plasmodium berghei genetically modified. This recent
approach has shown very promising results in inserting selected antigens to establish immunity
against the parasites that currently most infect humans and can cause severe disease

(Plasmodium falciparum and Plasmodium vivax).

Keywords: Immune response; Malaria vaccine; Plasmodium berghei; Vaccine targets; Whole-

sporozoite vaccines.
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Resumo

A maldria é uma doenga infecciosa causada pelo parasita pertencente ao género Plasmodium.
Apesar de todos os esforgos feitos no desenvolvimento de uma vacina eficaz, a vacina desejada

ainda nao foi alcangada e a erradicagao da doenga parece estar muito longe.

Viérias vacinas direcionadas as diferentes fases do ciclo de vida da maldria tém sido
desenvolvidas, e sao as vacinas da fase pré-eritrocitaria que relatam melhores resultados.
Apesar da aprovagao da vacina da subunidade RTS,S e da sua potencial implementagao em
areas endémicas, os resultados em termos de eficacia e de protecao duradoura nao sao tao

bons quanto desejado.

As vacinas de organismo inteiro conseguem resolver alguns obstaculos das vacinas de
subunidade. Este documento visa apresentar as atuais abordagens das vacinas de organismo
inteiro e uma nova estratégia baseada no parasita de roedores Plasmodium berghei
geneticamente modificado. Esta recente abordagem revelou resultados muito promissores na
insercao de antigénios seleccionados para o estabelecimento de imunidade contra os parasitas
que, atualmente, mais infetam humanos e que podem provocar doenga severa (Plasmodium

falciparum e Plasmodium vivax).

Palavras-chave: Resposta imunitaria; Vacina contra a malaria; Plasmodium berghei; Alvos de

vacinagao; Vacinas de organismo inteiro.
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l. Introduction

Malaria is a mosquito-borne infectious disease, transmitted by the bite, of protozoan
parasites of the genus Plasmodium' .The term “malaria”, from the italian mala aria ("bad air"),
is associated with the belief that the disease, known at the time as "swamp fever" was caused
by harmful fumes from the swamps were responsible for the illness. The parasite responsible

for the infection were discovered in 1880

The threat is real, half of the world’s population is at risk of malaria infection®. Although
there has been a significant reduction since 2000 (from 82 in 2000 to 57 in 2019, cases per
1000 population), 241 million clinical cases of malaria occurred in 2020, and 627 000 people
died of malaria. According to the World Health Organization (WHO), the mortality is
significantly higher in children, but the target population includes all age groups, as well as
immunocompromised and pregnant women, with the highest incidence in sub-Saharan

Africa. %%¢

Clinically, it presents as an acute febrile syndrome, with paroxysmal high fever, diaphoresis,
headache and asthenia, frequently accompanied by gastrointestinal symptoms. Severe malaria
is often lethal if not promptly treated. The patients show signs of severe cytopenia and various

manifestations of multi-organ damage, including central nervous system involvement’.

The malaria eradication goal is supported by several prevention and treatment measures
implemented by WHO. However, these measures do not seem to be sufficient, and mass
immunization is needed, especially in endemic areas. Malaria vaccines have been in
development since the 1960s, with substantial progress in the last decade. Several vaccines for
different stages of the parasite life cycle are in advanced studies, but none have yet ensured
the elimination of malaria. The RTS, S/ASOI (RTS,S) is the first malaria vaccine recommended
by WHO. The efficacy and safety of this vaccine is far from desirable and therefore research

groups are strongly motivated and encouraged to develop and test other vaccines®.

The issue is so important that the WHO has set a target of a 75% effective vaccine by
2030°. To this end, strategies have been developed to design a highly safe and effective vaccine,
including whole-sporozoite vaccines, most recently those based on the rodent parasite P.

berghei, to overcome some of the intrinsic barriers to subunit vaccines'’.

32



2. Malaria

2.1. Epidemiology and etiology

Malaria is caused by the bite of an infected female Anopheles mosquito vector''. There are
about 40 species of Anopheles mosquitoes that are malaria vectors. Malaria parasites are of the
genus Plasmodium, which belongs to the phylum Apicomplexa,a taxonomic group of single-

celled and obligate intracellular parasites'”.

This widespread disease is caused by five parasite species from the genus Plasmodium that
infect humans: Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae,
and Plasmodium knowlesi (zoonotic parasite). Plasmodium berghei and Plasmodium yoelii are two
rodent infective parasites used for in vivo and in vitro laboratory studies® . Although P.
falciparum causes the highest malaria-related mortality, P. vivax is now the most widespread of
all malaria species and can cause severe and fatal infections, resulting in significant global
morbidity and mortality. In the dormant liver phase of P. vivax, such reservoirs are not
detectable, resulting in recurrent infections and sustaining mainly asymptomatic transmission.
Beyond that, its early gametocytogenesis and shorter development cycle in the vector are

considered an obstacle to the elimination of P. vivax '* ' '¢,

Transmission occurs mainly in tropical and subtropical areas, due to a combination of
factors, like the existence of conditions for the Anapheles mosquitoes to survive and multiply,
climatic conditions (temperature, humidity, and rainfall), scarce resources, and social-

economic instability (typically in poor and developing countries)®.

A detailed understanding of the life cycle of the parasite and its dynamics, the
implementation of preventive measures, including the RTS,S vaccine, which is far from 100%
effective but that can complement the other measures, all together have been the main control

tools in reducing the global burden of this disease.’

2.2. Plasmodium life cycle

It’s crucial to know in detail the life cycle of the malaria parasite because it is the starting

point for the various therapeutic strategies to control the parasite and prevent infection.

The Plasmodium life cycle is heteroxenous and involves two hosts: the biological vector
(mosquito) and the human host. It is initiated when an infected female Anopheles mosquito

bites a human, to feed on blood . This process is facilitated by vasodilators and anticoagulants
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in the mosquito’s saliva'®. As a result, the sporozoites, infectious parasitic forms incorporated
in the salivary glands, are deposited into the skin until they cross the blood vessels, enter the
circulatory system and reach the liver, where the sporozoites leave the sinusoids by crossing
Kupffer and fenestrated endothelial cells and enter a hepatocyte, forming a parasitophorous
vacuole membrane, and the exo-erythrocytic stage begins'>?*?'. Here the sporozoites multiply
asexually and differentiate into trophozoites, which undergo hepatocytic schizogony, forming
schizonts that later rupture, releasing merozoites into the bloodstream?®. It should be noted
that the sporozoites of the P. vivax and P. ovale species can remain dormant in the liver

(hypnozoites) and only develop later".

This is followed by the erythrocyte stage, in which the merozoites invade red blood cells
(RBCs), multiply asexually and mature through the process of erythrocyte schizogony, leading
to the development of ring-stage trophozoites, which mature into schizonts that rupture,
releasing merozoites. It is at this stage that the clinical symptoms begin?’. Some of these
merozoites can differentiate into gametocytes (the form responsible for sexual reproduction),
initiating the process of gametogenesis. In the midgut of the mosquito, the microgametes (male
gametocytes) fuse with the macrogametes (female gametocytes) to form the zygote. This
zygote becomes an ookinete within 24 hours, gains motility and elongates, invades the midgut
wall of the mosquito, and transforms into oocysts, where asexual sporogonic replication of
sporozoites occurs. The oocysts rupture and migrate to the salivary glands, where the
sporozoites are again inoculated into a new human, restarting the malaria cycle'” 2. The life

cycle of the malaria parasite is illustrated in figure .

2.3. Prevention tools and strategies

Over the last two decades, malaria control and elimination have been based on early
diagnosis, disease treatment, and vector control. Despite all the attempts and research aimed
at improving the prevention, diagnosis, and management of malaria, it still lacks an effective
and long-lasting vaccine against this infectious parasite*. This fact, combined with the rapid
spread of mosquito resistance to currently available insecticides and drugs are among many
challenges that affect the widespread implementation of malaria control. Vector control has
always been the most effective measure to prevent malaria transmission. This strategy consists
mainly of insecticide-treated mosquito nets (ITNs), indoor residual spraying (IRS) with
insecticides, and the supplementary strategy of larval source management (LSM); along with
access to diagnostic facilities and improved treatment as well as surveillance, monitoring, and

evaluation, including entomological surveillance™ *. A vector control intervention should be
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based on and adapted depending on local transmission dynamics®. For that, adequate health
infrastructure, accurate knowledge of prevailing vectors, socio-political commitment,
deploying region-specific intervention strategies, and involving local communities in malaria
reports, research, and elimination are required for the effective implementation of malaria

27; 28

control programmes®’ “. No control intervention can singly eradicate malaria. Control

interventions need to be implemented simultaneously and, in addition, the need for cost-

effective and time-effective measures dictates the need for a malaria vaccine. 2%,

3. Malaria Vaccines and actual challenges

The development of an effective and long-lasting vaccine against malaria is a key priority to

reduce the burden and transmission of the disease®.

There are many challenges to developing a vaccine against the malaria parasite, including a
complex life cycle with two reproductive stages in two hosts (sexual in the mosquito and the
asexual in the human), multistage and antigenic variability’'. The parasite can evade the immune
system by constantly changing its surface. This makes the development of a vaccine very
difficult *. Improving antibody levels, as well as CD4+T cells, and CD8+T cells, which are
critical for long-term protection because they are responsible for differentiating into memory
T cells, is one of the challenges of vaccination. Yet, as with any other disease, we are faced
with heterogeneity in host response and disease exposure in areas of high transmission, which

may skew the results of vaccine efficacy®.

Other issues include the inability to maintain human parasites in culture, such as P. vivax, for
which protection would need to be obtained as it is gaining more and more transmission
strength, so it is critical to find a vaccine that induces immune responses against this human
parasite®. Also, socio-economic barriers, particularly in endemic areas in developing countries,
can present obstacles to good vaccine maintenance practices, so a vaccine that is easy to

administer and maintain is an asset >*.

The development of vaccines against this parasite aims to address the challenges mentioned
above and many others that remain unresolved. Vaccines have been developed covering the
different stages of the parasite, and more recently this was been complemented by research
into new antigens at the different stages and adjuvants capable of enhancing beneficial innate

immune recognition and activation®
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Some of them are directed at the invasion phase of the parasite and the liver phase -pre-
erythrocytic vaccines; some on the asexual erythrocytic stages- blood-stage vaccines; and

others on the sexual erythrocytic stage -transmission blocking vaccines®.

3.1. Vaccine Targets

A malaria vaccine must provide broad protection against different polymorphic variants to
prevent escapes™. This involves inducing different forms of immunity that target specific parts

of the parasite's life cycle. (Figure 1)*.

Several approaches suggest that the pre-erythrocytic stage is the most attractive strategy
for developing a long-lasting vaccine as a preventive and imperative tool for optimizing other
malaria control strategies. The aim of acting in this stage is to limit
RBC invasion, inhibiting infections, and hepatic parasite development”. If the parasites are
blocked at this stage, which is obligatory and asymptomatic, not only prevents progression to
symptomatic blood infection but also prevents parasite transmission®’. Nonetheless, pre-
erythrocytic vaccines also have some limitations. One concern is the fact that only a few
parasites are needed to escape protection for blood-stage malaria to develop. In addition, the
high polymorphism of most candidate pre-erythrocytic antigens, such as circumsporozoite
protein (CSP) and thrombospondin-related adhesive protein (TRAP), limits the success of

developing an effective vaccine®® .
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Figure I: Vaccine targets according to malaria parasite life cycle. (Adapted from PATH malaria
vaccine initiative) 4.
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The second promising vaccine target are the antigens present in the blood-stage of the
parasite. They are responsible for eliciting immune responses that will block merozoite
invasion of red cells and stop asexual blood-stage replication, thus suppressing the
symptomatic and clinical stage, because of the significant reduction in parasitemia in the blood-
stage*'. It’s an asset in escape situations where sterile immunity is not achieved, and it’s an
advantage over pre-erythrocytic vaccines®. Plasmodium falciparum apical membrane antigen
I (PfAMAI) is the most studied antigen for a potential candidate vaccine of the blood-stage and
is directly linked to the inhibition of RBC invasion by merozoites. The efficacy of vaccines at
this stage depends largely on induced antibodies against the target antigens, and therefore the
genetic diversity of the antigens, such as PfAMAI, is an obstacle to the development of an
effective vaccine. To induce the production of these antibodies, the adjuvants alhydrogel and
glucopyranosyl lipid adjuvant stable emulsion (GLA-SE) were combined to form the diversity-

covering (DiCo) PFAMAI vaccine, but the results revealed the need for stronger adjuvants*
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Finally, transmission-blocking vaccines aim to reduce transmission, by acting directly on the

host mosquito to block the sexual stages* *

. Defined antigens expressed in gametocytes,
gametes, zygotes, and ookinetes, induce antibodies and prevent the development and
maturation of the parasite in the mosquito midgut. This results in a reduction in infected
mosquitoes and transmission to humans*. The Pfs230, Pfs45/48 proteins expressed on the
surface of parasite gametocyte stage in humans and the Pfs25/28 protein expressed in the
mosquito midgut in zygotes and ookinetes, are leading candidates for a transmission-blocking
vaccine ***, Despite the induction of antibodies, their levels are not as high as desired *. The
search for other candidate antigens, as well as their fusion, such as Pfs230-Pfs45/48 and
complementing the vaccine formulation with adjuvants such as Matrix- M, or de combination

with pre-erythrocytic vaccines may be of interest to enhancing immunogenicity* .

Overall, considering these developments, the focus on developing pre-erythrocytic vaccines
is evident, as their early target prevents not only blood infection but also parasite transmission,

and indeed they are the only ones that can achieve sterile protection.’**
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4. Pre- erythrocytic vaccines

Pre-erythrocytic vaccines (PEVs) have shown the most success in limiting clinical malaria
infection because, by acting at this stage, they prevent parasite blood dissemination®. In this
way, it will prevent the merozoites from invading the RBC, and consequently, break the chains
of transmission®. Another advantage is that the number of the parasites before blood-stage is
lower, and for that, blocked parasites in the asymptomatic stage make this strategy attractive™.
Pre-erythrocytic vaccines can induce both antibody and T-cell mediated responses, that are
responsible for targeting parasites and infected hepatocytes in the liver, so the antibody
response blocks sporozoite migration to the liver””. For all these reasons, the pre-erythrocytic

stage of infection is the ideal target strategy for immunization against clinical malaria.

In the literature, is possible to find several pre-erythrocytic vaccination approaches, which
can be divided into two main groups: subunit vaccines and whole-sporozoite vaccines®'. The
most evident difference is that while subunit vaccines are based on well-defined parasite
antigens, whole - sporozoite vaccines involve whole- attenuated sporozoites, and therefore,

they contain all antigens of the parasite®'.

4.1. Subunit vaccines

Subunit vaccines consist of a single or a combination of parasite antigens and consequently,
the induced immune responses are limited by a restricted number of epitopes present in the
parasite®’. These vaccines are designed as peptides, multi-peptide constructs, or recombinant
proteins, containing B and T cell epitopes, and the formulation includes adjuvants to improve
immunogenicity®>**. The design and production of subunit vaccines are relatively easy, resulting
in large-scale peptides with high purity, and therefore less likelihood of side effects. The
adaptation of the vaccine to specific immune responses and the fact that administration to
immunosuppressed patients is possibly, makes this type of vaccine, at first glance, more
desirable. Moreover, the fact that they can be lyophilized and stored at room temperature in
dry form allows for facilitated transport and storage in endemic areas, which often encounter

logistical obstacles® *°.

The design of effective subunit vaccines is often hampered due to highly polymorphic T-cell
epitopes, CS and TRAP, and consequently, there is a lack of cross-reactivity between
immunodominant polymorphic T-cell epitopes, important for the induction of immune

responses®” >’
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Despite low immunogenicity is the main drawback of peptide-based vaccines, advances are
being made to improve it, through adjuvants and protein-protein conjugation strategy
(chemical conjugation of antigens to carrier proteins, for example) *% .

The CSP is the main target of subunit vaccines and in this context emerged a CSP -based RTS,

S/IASO| recombinant protein vaccine (Mosquirix™), the first vaccine recommended by WHO™.

RTS,S/ASOI vaccine (Mosquirix™)

RTS, S is a subunit vaccine that consists of a P. falciparum CSP fragment fused to the hepatitis-
B surface antigen (a virus-like particle) and with ASOI adjuvant based on liposomes containing
two immunostimulants monophosphoryl lipid A (MPL) and Quillaja saponaria Molina fraction
21 (QS-21), which contribute synergistically to the adjuvant effect of ASOI. Together, they
induce the immune system to produce increased amounts of antibodies and T CD4+ cells *
>4 Several years of vaccination studies have proven that RTS, S induces immune responses
with adequate safety and, therefore, the evaluation of the ongoing benefit-risk profile in real

life will dictate its implementation in sub-Saharan Africa regions®'.

Although subunit vaccines have the logistical issues facilitated, long-lasting efficacy is not as
expected 2. The effectiveness rate of RTS, S is not sufficient and prevalent over time. For this
reason, successive immunizations are necessary. Furthermore, it does not induce CD8+ T cell
responses, and is not able to induce protective responses against human malaria parasites

other than P. falciparum*® .

Despite the licensing of the RTS, S, this achievement cannot be seen as an effective solution,
but rather as a step towards achieving protective and durable efficacy of at least 75 percent
against clinical malaria ®. In this sense, whole-sporozoite vaccines seem to solve some of these
obstacles and are considered by many authors as the vanguard for a safe vaccine, highly
protective and capable of providing adaptive immune responses that protect against different

Plasmodium species in humans **.
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4.2. Whole - sporozoite vaccines: current approaches

Whole - sporozoite vaccines have emerged over the last five decades, since the first
demonstration in humans, by Clyde in 1973, using radiation-attenuated P. falciparum
sporozoites have demonstrated induced protective immunity against homologous P. falciparum

malaria .

In contrast to subunit vaccines, whole-sporozoite vaccines exhibit several antigens to the
host immune system and have been outstanding for their effectiveness, eliciting strong immune

responses .

There are different ways of immunization using live or attenuated P.falciparum: 1)
sporozoites attenuated by X-radiation (RAS), that prevent intra-hepatic parasite replication ;
2) genetically attenuated parasites (GAP), based on depletion of specific genes; 3)
administration of wild-type parasites under chemoprophylaxis (CPS), and 4) genetically

modified Plasmodium berghei sporozoite (Figure 2) *> ¢,

Infected P. falciparum
(l—.erythrocyte ' l—» CSP gene
I ;e: ._\‘ I
°
Chloroquine

Figure 2: Strategies of immunization using whole-sporozoite to induce immune responses. (Adapted

from NUNES-CABACO, Helena et al, 2022) 0.

Radiation-attenuated sporozoites (RAS)

Radiation-attenuated sporozoites, previously considered the “gold standard”, was the first
landmark achievement in the development of whole-sporozoite vaccines against malaria. It was
in 1967 when is achieved the first demonstration that mice could be protected against rodent
malaria, by the administration of a vaccine containing irradiated sporozoites of Plasmodium

®. It's a promising way to stop parasite development in the liver by preventing

berghei
replication and progression to the blood stage. Appropriate ionizing radiation (ultraviolet

radiation, X-ray, and y)induces deoxyribonucleic acid (DNA) damage and downregulation of
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DNA repair genes. In addition, parasites can maintain its metabolic activity, with its ability to

infect liver cells and induce the immune system to express T cells and antibody responses’”".

Already in the 2lst century, the PfSPZ vaccine was developed by Sanaria, based on
aseptically purified, metabolically active, irradiated, cryopreserved sporozoites of the NF54
strain, administrated intravenous route. Nevertheless, some of the disadvantages include the
large number of parasites required, problems in defining and achieving the optimal dose for
protection and the need to transport and cryopreserve the vaccine in liquid nitrogen. Despite

this, it was a great advance for prospects of whole-sporozoite vaccines’ ",

Genetically-attenuated parasites (GAP)

Genetically-attenuated parasites were designed to delete specific genes that are essential
for the parasite’s intrahepatic development’®. These modified sporozoites can invade
hepatocytes, but their intrahepatic development is compromised ”. It is known that late genes
induce a greater immune response, and due to it, a late-arresting GAP (LA-GAP) may increase
protective immunity, because elicit a larger diversity and magnitude of antigens to the immune
system®* %, The PfSPZ-GAI consists of the deletion of the b9 and slarp genes, which resulted
in weak sterile protection, but was a landmark in assessing the efficacy of a P. falciparum GAP
vaccine. Furthermore, LA-GAP, such as Pfmei2-, has induced higher levels of protective

immune responses than early-arresting GAP (EA-GAP) 7.

Chemoprophylaxis and Sporozoites (CPS)

CPS immunization consists of a combination of antimalarial drugs (chemoprophylaxis) with
wild-type parasites’. This approach allows the progression of the sporozoites through the
liver stages, for them to be eliminated before the exit or just after the rupture of merozoite
schizonts into the blood-stage, preventing erythrocytic infectious by the circulating
antiplasmodial compound’. An advantage of CPS over RAS and GAP is the enhanced
immunogenicity, even humoral immune responses against blood-phase antigens when the
infection is aborted there. It also requires a lower number of parasites to achieve efficacy™.
The latter is explained by the fact that non-attenuated sporozoites can complete the hepatic
stage and replicate |10 to 40 thousand times more, and consequently present a greater quantity
of antigens, giving more extensive and powerful protection”. The first drug to show significant

protection was chloroquine, a parasiticide that acts in the asexual blood-stage®. The PfSPZ-
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Chemoprophylaxis Vaccine (PfSPZ-CVac) corresponds to the administration of non-
attenuated P. falciparum sporozoites maintained wrapped in aseptic, purified, and
cryopreserved compound  (PfSPZ  Challenge) under chloroquine  prophylaxis

(chemoprophylaxis and sporozoites)®'.

Overall, preclinical and clinical studies have shown that RAS, GAP, and CPS are in most
cases safe and capable of inducing cellular and humoral immunity, although better answers are
needed *. Controlled human malaria infection (CHMI) is still used nowadays in some studies
to test the protective efficacy of vaccine candidates, using a natural route of infection: the bite
of Plasmodium-infected mosquitoes®. As an alternative to mosquito bites, Sanaria Inc. has
developed the “PfSPZ Challenge”, an intravenous injection of aseptic, vialed, infectious, and
cryopreserved but not irradiated P. falciparum sporozoites, also based on CHMI. This facilitates
the estimation of optimal doses and the control of inoculation. ®.Despite all the knowledge
about protective mechanisms that has been generated around the whole-sporozoite
vaccination and the many challenges that have been successfully resolved, there are still major
hurdles to overcome. The main challenges remain the lack of protection against P. vivax and
safety concerns. The main associated safety issues include: the need for large numbers of
immunizing parasites to arrest the early liver stage in RAS; the genetic revertants in GAP that
can provoke disease; the administration of live and unattenuated P. falciparum sporozoites;
and the emergence of antimalarial resistance in CPS ® ®. The ideal approach to the human
malaria immunization would be to use a non-pathogenic parasite for that induces sterile long-
lasting effective protection with security assured, practical to be implemented in endemic

regions, and elicits heterologous protection against P. falciparum %%,

5. A new approach of attenuation: genetically modified Plasmodium

berghei sporozoites

This strategy is based on principles from the origins of vaccination when Edward Jenner
unknowingly established the notion of cross-species protective immunization with cowpox, a
bovine poxvirus (non-pathogenic in humans) to protect against subsequent infection with

smallpox®* ¥,

The P.berghei parasite has been used as an attractive study model in many investigations and
developments of whole-sporozoite malaria vaccines®. This was improved when in 1969 A/

mice were inoculated with x-irradiated P. berghei sporozoites, resulting in protection not only
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against P.berghei but also against P.vinckei sporozoites, reflecting the induction of cross-
protective immunity. Thus, the interest in using this rodent parasite in the exploitation of
whole-sporozoite malaria vaccines arose, which started to be explored as a platform to
present selected antigens to provoke targeted and effective responses against human

parasites®.

The interest in this rodent parasite is justified by its dynamics in the human host, its genetic
similarity, and the immune responses generated against P.falciparum. On the one hand, P.berghei
has a life cycle identical to that of the species that infect humans; on the other hand, it is
harmless to humans, id est it infects human hepatocytes, a prerequisite for optimal antigen
stimulation, but cannot infect RBC, thus not causing the disease * Besides being safer than P.
falciparum, the genome of P.berghei ANKA (PbA) has a high antigenic similarity (more than 60
% between species) to the P.falciparum 3D7 clone °'. Also, P.berghei is prone to generate full-
length P.falciparum proteins that are correctly folded: a greater diversity of antibody responses

compared to those induced by the subunit™.

Hence comes the idea of creating a genetically modified vaccine against P. berghei
sporozoites with different antigens expressed during the pre-erythrocytic stages, highlighting
the potential for cross-protection between the two species.”. Proteins with shared epitopes
include several antigens expressed in the pre-erythrocytic phase, including SLARP, SIAPI,
LISPI, and MB2. However, there are P.falciparum proteins without shared epitopes. To solve
this problem, P.berghei has the advantage of being amenable to genetic manipulation, and
several neutral loci have already been identified in its genome, increasing the possibility of
inducing antigens of different stages using the "gene insertion/marker out" (GIMO) method.
This method of transfection consists on the insertion of human malaria parasite (HMP)
proteins in a rodent genome, P. berghei (the most commonly used) or P. yoelii, in which they

are absent™.

GIMO transfection is based on the insertion of an addiction gene into a silence/neutral
locus, 230p or sl locus, under the control of different promoters. Before this insertion, it
needs to integrate the selectable marker cassette of the neutral locus. Then, the HMP gene

replaces the hdhfr::iyfcu cassette, resulting in a transgenic parasite **%.
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The PfCSP is the most abundant protein on the surface of sporozoites and is the major
immunogen in the whole-sporozoite vaccination, but is devoid of epitopes shared with
P.berghei. Based on this described genetic engineering method, a vaccine has been developed
that expresses PfCSP on the surface of the P.berghei platform against the human-infective P.
Falciparum CS gene, resulting in a chimerical parasite *®**. This vaccine (PbVac) expresses both
PbCSP and PfCSP, and the insertion of the PfCS gene is inserted by GIMO into a neutral 230p
locus of P.berghei under the control of a specific promoter sequence (UIS4 promoter, in this

case, which is strictly pre-erythrocytic) (Figure 3)”.
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Figure 3: Representation of transgenic PbVac line using the GIMO transfection method. (Adapted
from MENDES, Antonio M. et al, 2018) %. GIMO insertion construct (pL1988), which contains PfCS
coding sequence, is integrated into 230p locus under the control of UIS4 promoter, by double cross-
over homologous recombination, replacing stable hdhfr:yfcu selectable marker on the chromosome 3,
after negative selection with 5 -fluorocytosine, an antifungal drug that kills all parasites expressing yfcu,
generating a transgenic P.berghei line (PbVac), which that expresses PfCS92 9.

5.1. PbVac: Safety, Efficacy, and Immunological assessment

The preclinical studies demonstrated that the PbVac comply the basic immunization
requirements. Besides being able to invade human hepatocytes (in vitro) and liver-humanized
mice (in vivo), PbVac was unable to reach the blood-stage and induce disease symptoms. In
terms of immune responses, it was able to induce both cellular cross-species and humoral
responses (antibodies), capable of blocking infection by P.falciparum sporozoites. Accordingly,
the preclinical results have allowed the advancement to the evaluation of the clinical efficacy

of PbVac® %,

In an open-label phase 1/2a trial, 24 volunteers, healthy malaria naive adults, were enrolled

into three study groups and one group of control, receiving 5, 25, and 75 PbVac-infected
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mosquito bites (bites of mosquito with the parasite genetically modified) in the three study
groups, respectively. Group 3 has undergone 4 immunizations (approximately 300 PbVac-
infected mosquitoes), before P.falciparum CHMI by 5 P.falciparum-infected mosquitoes, 3

weeks after the last immunization in group 3, and in the control group (nonimmunized)®.

The first objective was to determine the safety and tolerability of PbVac administration by
infectious mosquito bites. It was used daily samples collected in phase |; and on days | and 8
after immunization during phase 2, applying retrospective P.berghei quantitative polymerase
chain reaction (qQPCR) analyses™. The results showed no breakthrough infections and no
serious adverse events (grade 3) after approximately 300 PbVac-infected mosquito bites™.
Only local adverse events and moderate systemic adverse events (such as headache and
nausea) were reported. Hence, the published results ensure that PbVac is safe and well

tolerated®.

Despite no sterile protection was observed, PbVac immunization led to a significant increase
in the prepatent period (time to parasitemia) and a decrease in parasite density. It was
estimated an average decrease of 95% in liver parasite burden for immunized volunteers *.
Humoral responses induced by whole-sporozoite vaccines are mostly dependent on PfCS *.
Using an immunofluorescence assay (IFA), an increase in antibody response was observed,
reflected by a sharp rise in immunoglobulin M (IgM) and immunoglobulin G (IgG). P.falciparum
significantly lose their ability to infect human hepatic cells at a significant extent (61%). This is
justified by the fact that P.falciparum sporozoites are efficiently recognized by antibodies
triggered through immunization. It is further added that he titers of anti-PfCSP antibodies,

specifically 1gG, are proportional to the dose of PbVac administered.

Therefore, the insertion of PfCSP in P.berghei is a fundamental component to reduce P.
falciparum sporozoite invasion of liver cells, inducing antibody responses”. As a consequence
of immunization, PbVac elicits also cellular immune responses, induced mainly by cross-species,
P.bergheilP.falciparum in this case. In contrast, trial results show a small influence on cellular
responses’®. As data show, was observed a significant increase of lymphocytes producing IFN-
y of PbVac-specific, but not PfCSP- specific. Also, after immunization, CD4+ and CD8+ T cells
expressed any combination of INF-y, IL-2 and TNF-alfa with PbVac-specific but not with PfCSP.
However, immunization it was verified in all cases, an increase of CD8+T, y§ T cells, and
natural killer (NK) cells, and a decrease of monocytes, due to the displacement to the liver,

where they may contribute to the development of immune responses™.
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In conclusion, this phase I/lla clinical trial of a genetically modified rodent malaria parasite
for immunization against human infection by P.falciparum, primarily demonstrates that this
vaccine is safe and well tolerated when administered to healthy humans. Although sterile
protection was not demonstrated, the reduced parasite density demonstrated the protective
efficacy of PbVac upon CHMI by mosquito bites. Immunization with PbVac, on the one hand,
induces PfCSP-dependent antibody responses that efficiently inhibit P. falciparum sporozoites
invasion of liver cells in vitro, on the other hand, induces dose-dependent cross-species cellular
immune responses. Of note, the heterogeneity of individual immune responses results in the
absence of correlation between humoral and cellular immune responses and a lack of individual

predictability of clinical outcomes™.

5.2. Other candidate vaccine antigens using Plasmodium chimerical rodent

parasites

Despite CSP, several other antigens from different stages have shown cross-species
protection against human Plasmodium parasites. Although the protective response of the most
is not as good as desired, it is known that the inclusion of the adjuvants in the formulation and
the simultaneous addition of several antigens can complement the responses * . Table | lists
some of the potential antigens that have been investigated over the last decade for

incorporation into the rodent sporozoite genome.
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Table I: Potential antigens used in Plasmodium chimeric rodent parasites and their respective reported

protection.
Antigen Stage life cycl.e target Cellular Iocatl(-m and main Protection reported Ref.
of parasite function
Plasmodium falciparum
Sporozoite membrane surface. | Elicit cross-species Cellular
Involved in sporozoite motility and | responses and functional antibodies, %
csp Pre-erythrocytic stage liver invasion. inhibiting invasion of liver cells by
P.falciparum .
Localized to the parasite | Cross-species protection, eliciting
CelTOS Pre-erythrocytic stage micronemes; Important in the cell | potent cellular (IFN-y and IL-4) and i
transversal in both hosts. humoral responses.
Expressed only in infected | The combination of these antigens is
hepatocytes, in the parasitophorous | the most effective. Capable of
LSAI/ LSAP2 Pre-erythrocytic stage vacuole. They are involved in | inducing sterile protection 100

hepatic schizogony and merozoite
development.

dependent on the presence of
CD8"* T cells.

Plasmodium vivax

Sporozoite membrane  surface.

Involved in sporozoite motility and

Production of anti-PvCSP antibodies,
recognize and bind to P. yoeli

101

mosquito midgut.

suppressing sexual stage of P.vivax.

CcspP Pre-erythrocytic stage

liver invasion. sporozoites.

Localized in membrane surface and | Induction of CD8 *T cells and

in the micronemes. Mediates | antibodies, inhibiting sporozoite 102
TRAP Pre-erythrocytic stage invasion in mosquito salivary glands | invasion of human hepatocytes.

and the vertebrate hepatocytes.

Micronemal location. Involved in the | Antibody responses, inhibiting 103
DBP Blood -stage invasion of human erythrocytes. P.vivax invasion of human RBC.

Localized to the parasite | Highly antibodies titers, Thl and

micronemes. Necessary to the | Th2 response against Pvs25,
Pvs25 Transmission-blocking stage survival of ookinetes in the 104

Legend: CSP (Circumsporozoite surface protein); CelTOS (Cell-Transversal protein for ookinetes
and sporozoites); DBP (Duffy binding protein); LSAI (liver-stage antigen |); LSAP2 (liver-stage
associated 2); MSP | (merozoite surface protein |); Pvs25 (P. vivax ookinete surface protein); TRAP
(Thrombospondin-related Anonymous Protein).

6. Future perspectives of P.berghei-based on whole-sporozoite

vaccination

The previous clinical trial reflected a promising approach to developing a vaccine design

that protects against multiple species and different stages of the parasite ‘s life cycle.”

The first goal is to achieve 100% of sterile protection, and to that end, several ways are

being explored. It is known that the efficacy and immune response of PbVac is dose-dependent

and requires a high number of parasites™. For this reason, and for ethical reasons, it is not

feasible to administer the vaccine through mosquito bites. The solution seems to point to its

parenteral administration in defined doses, which is being developed by Sanaria

68; 90

Another target to improve is the immunogenic potential of the P.berghei platform. The

insertion of other antigens on P.berghei, in addition to PfCSP, that contemplate the various
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stages of the life cycle, such as Pfs48/45 (gametocyte antigens) and PfRh5, under the control
of a strict promoter of the pre-erythrocytic stage , is a mechanism based on heterologous
(cross-species) immunity, improving strain-transcending immune response'® '®. Also, the
insertion of multi-species antigens [PbWT, Pb(PfCSP), Pb(PvCSP210), Pb(PfCSP/PvCSP210],
which is not done in other whole-sporozoite immunization approaches (RAS, GAP, CSP ), is

an attractive tool to obtain human malaria vaccines’" '? .

Furthermore, the rodent Plasmodium parasite can act as an immunization platform for
infections caused by other’s apicomplexan parasites, such as Toxoplasma gondii, which share
33% of the amino acid sequences of the inner membrane complex, and its exposure to the

P.berghei confers resistance to infection caused by T. gondii (toxoplasmosis) '®.

In conclusion, all these complementary strategies and their combination are being exploited
to cover a complete sterile immunity vaccine and to optimize results in next-generation

vaccines.

7. Final Remarks

Achieving immunity is the most feasible and effective way to control infectious diseases, and
malaria is no exception. Several vaccines have been developed, and despite the approval of
RTS, S, new vaccines are needed. Whole sporozoite vaccines appear promising, but further
development is needed to overcome some of their barriers, such as maintaining a cold chain,
mode of administration, attenuation of efficacy, and the production of parasite cultures®.
Recently, the P.berghei - based approach has proven to be excellent for inducing selected
antigens, leading to targeted and effective responses on a platform, but also has limitations in
terms of efficacy and administration, which are currently being worked on. Nevertheless, it

represents a significant achievement towards an effective malaria vaccine.

Malaria eradication requires an effort from all countries to strengthen economic,
technological, and socio-political resources. Once immunity is achieved, the benefits and
return on investment are obvious. Therefore, it is imperative to continue to focus on the
research for an effective vaccine that can be implemented for the well-being and safety of

global health.
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