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Resumo

Stach SCL. Transferéncia transplacentéria de anticorpos em gestacdes
multiplas [Tese]. S&o Paulo: Faculdade de Medicina, Universidade de S&o
Paulo; 2016.

Ha poucos dados na literatura sobre o transporte transplacentario de
imunoglobulinas em gestacdes multiplas. O objetivo deste estudo foi observar
fatores que influenciam a concentracdo de imunoglobulina G (IgG) no cordao
umbilical dos neonatos e a transferéncia transplacentaria de 1gG total e de IgG
contra o Streptococcus grupo B (EGB), e lipopolissacarideos (LPS) de
Klebsiella spp. e Pseudomonas spp.. Métodos: estudo prospectivo realizado no
Hospital das Clinicas da Faculdade de Medicina da Universidade de S&o Paulo
no periodo de 2012 a 2013. Foram coletadas amostras de sangue materno e
de corddo umbilical no momento do parto. Os critérios de inclusao foram
gestacdes gemelares com auséncia de sinais de infeccdo por HIV,
citomegalovirus, Hepatites B e C, toxoplasmose e rubéola e auséncia de
doencas autoimunes, malformacdo fetal e sindromes genéticas. A analise
multivariada foi realizada para avaliar a associacao entre os niveis de IgG em
cordao umbilical e as taxas de transferéncia de anticorpos com a concentracao
materna de 1gG, a corionicidade da gestacdo, a presenca de insuficiéncia
placentaria, a restricdo de crescimento intrauterino, a idade gestacional de
nascimento, o peso de nascimento, o tabagismo, a doenca materna e a via de
parto. Resultados: a concentracao de IgG total em corddo umbilical apresentou
correlacdo positiva com 0s niveis maternos séricos de IgG total e a idade

gestacional do parto. Os niveis de IgG total em corddo umbilical foram



significativamente menores em gesta¢cdes monocorionicas quando comparadas
as dicoribnicas. A taxa de transferéncia de IgG total apresentou correlagdo
positiva com a idade gestacional do parto, mas negativa com as concentracfes
maternas de IgG total. As concentracdes de IgG contra EGB e LPS de
Klebsiella spp. e Pseudomonas spp. apresentaram associacdo com 0s hiveis
maternos de IgG especificos contra esses antigenos e com o diabetes. Os
niveis de IgG contra LPS de Klebsiella spp. também foram associados com o
peso de nascimento e com hipertensdo materna. As taxas de transferéncia de
IgG contra EGB e LPS de Pseudomonas spp. apresentaram correlacdo com o0s
niveis maternos de IgG especificos contra os antigenos referidos. A taxa de
transferéncia de IgG contra EGB também esteve associada com a idade
gestacional do parto, enquanto a taxa de transferéncia de IgG contra LPS de
Pseudomonas spp. apresentou correlagcdo com diabetes. Nao houve correlacao
entre a taxa de transferéncia de IgG contra a LPS de Klebsiella spp. com
nenhum fator analisado. Conclusédo: em gestacdes gemelares, a concentracao
total de IgG em cordao umbilical foi influenciada pela concentracdo materna de
IgG total, pela idade gestacional do parto e pela corionicidade placentéria. As
concentracbes de IgG total foram significativamente menores em gestacdes
monocoridnicas que em dicoribnicas. As concentracdes séricas de IgG contra
EGB e LPS de Klebsiella spp. e Pseudomonas spp. em corddo umbilical
apresentaram associacdo com 0s niveis maternos de IgG especificos contra
esses antigenos e com a presenca de diabetes. Todos os outros parametros
estudados apresentaram diferentes associagdes com as concentracdes de IgG
e com as taxas de transferéncias de IgG especificas contra cada antigeno

investigado.

Descritores: gravidez de gémeos; imunoglobulinas; imunoglobulina G;
placenta;,  Streptococcus  agalactiae; lipopolissacarideos; klebsiella,;

pseudomonas.



Abstract

Stach SCL. Placental transfer of immunoglobulins in twin pregnancies [Thesis].

Sao Paulo: “Faculdade de Medicina, Universidade de Sao Paulo; 2016”.

There is a lack of data in the literature regarding the placental transport
of immunoglobulins in twin pregnancies. The objective of this study was to
examine factors that influence the concentration of immunoglobulin G (1gG) in
cord serum and the placental transfer of total IgG and of IgGs against Klebsiella
spp. LPS and Pseudomonas spp. LPS, and Group B Streptococcus (GBS).
Methods: A prospective study was conducted at the Hospital das Clinicas in the
Séao Paulo University Medical School between 2012 and 2013. Maternal and
umbilical cord samples were collected at birth. The inclusion criteria were twin
pregnancies with no evidence of infection with HIV, cytomegalovirus, hepatitis B
or C, toxoplasmosis, or rubella. Twin pregnancies with evidence of autoimmune
disease, fetal malformations or genetic syndromes were also excluded.
Stepwise multivariate regression analysis was used to evaluate the association
between cord serum concentrations of IgG and IgG transfer ratios as well as the
associations between cord serum concentrations of IgG and maternal serum
concentrations of IgG, pregnancy chorionicity, the presence of an abnormal
umbilical artery pulsatility index, intrauterine growth restriction, gestational age
at delivery (GAD), birth weight, placental weight, smoking during pregnancy,
maternal disease, and mode of delivery. Results: Total IgG concentrations in
cord sera were positively correlated with total IgG concentrations in maternal
sera. Cord serum concentrations of IgG were also positively correlated with

GAD. Cord serum concentrations of total IgG were significantly lower in



monochorionic versus dichorionic pregnancies. The total IgG transfer ratio was
positively correlated with GAD but was inversely correlated with total IgG
concentration in maternal serum. Cord serum concentrations of IgGs against
GBS, Klebsiella spp. LPS and Pseudomonas spp. LPS were significantly
associated with maternal concentrations of specific IgGs and the presence of
maternal diabetes. Cord serum concentrations of anti-Klebsiella spp. LPS IgG
were also correlated with birth weight and the presence of maternal
hypertension. The transfer ratios of IgGs against GBS and Pseudomonas spp.
LPS were related to maternal concentrations of specific 1gGs. The transfer
ratios of IgGs against GBS and Pseudomonas spp. LPS were also associated
with GAD and the presence of diabetes, respectively. None of the examined
parameters were found to be correlated with the transfer ratio of IgG against
Klebsiella spp. LPS. Conclusions: In twin pregnancies, in addition to the
influences of maternal serum concentrations of total IgG and of GAD,
chorionicity was also found to influence cord serum concentrations of total IgG.
Compared with dichorionic twins, monochorionic twins were found to have lower
concentrations of total IgG in cord sera. Umbilical cord serum concentrations of
IgGs against GBS, Klebsiella spp. LPS and Pseudomonas spp. LPS were
associated with maternal serum concentrations of specific IgGs and with
maternal diabetes. All of the remaining parameters that were investigated had
varying associations with concentrations of specific IgGs in cord serum and with

placental transfer and were dependent on the antigen being studied.

Descriptors: pregnancy, twin; immunoglobulins; immunoglobulin G;
placenta;  Streptococcus agalactiae; lipopolysaccharides;  klebsiella;

pseudomonas.



1-Introducao

A incidéncia de gestacdes gemelares tem aumentado globalmente nos
altimos anos. Para exemplificar esse fato, podemos citar o aumento na taxa de
nascimento de gestac6es multiplas da ordem de 76%, entre 1980 e 2009, nos
Estados Unidos, saltando de 18,9 para 33,3 a cada 1000 nascimentos nesse
periodo W. No Brasil, essa taxa foi de 15,7 para 19, a cada 1000 nascidos
vivos, no periodo entre 1994 e 2009 @. Esse fenémeno esta relacionado
basicamente com o uso de técnicas de reproducdo assistida e ao fato de
mulheres postergarem a gestacéo até idades mais avancadas G4,

Gestacbes multiplas apresentam piores resultados perinatais quando
comparadas com gestacdes Unicas. Assim, gestacdes gemelares apresentam
maior risco de prematuridade, restricdo de crescimento intrauterino, baixo peso
ao nascimento, mortalidade geral e mortalidade por causas infecciosas ©®.
Gémeos tém também maior incidéncia de admissdo em unidade de terapia

intensiva ©,

Globalmente, a infeccdo é uma importante causa de morte neonatal .

O recém-nascido pré-termo apresenta uma maior susceptibilidade a infeccdo
)

Em 1892, Ehrlich observa que a imunidade neonatal depende da
transferéncia intrauterina de anticorpos, ap0s a realizacdo de uma série de
experiéncias com ratos, ocasido em que observa que a prole de ratas imune a
determinada toxina era também imune a esse antigeno ©. Na década de 60,

Brambell e Lond observam que a transferéncia de anticorpos da mae para os



7

descendentes é realizada, em coelhos, por meio do saco vitelinico na vida
intrauterina, e em ratos, principalmente via intestino, na vida pos-natal. Os
autores postulam a hipotese de que, nestas espécies, a transferéncia de
imunoglobulina G (IgG), a Unica transportada de modo eficiente para a
descendéncia, é mediada por um receptor, que se localiza em vesiculas
intracelulares. A IgG € captada por meio de pinocitose para dentro dessas
vesiculas, onde se conecta a um receptor, o qual se liga a porcao do fragmento
cristalizavel (Fc) da IgG. Grande parte da imunoglobulina ndo ligada ao
receptor € degradada, mas a IgG ligada ao receptor é lancada na circulagdo da
prole. Portanto, esse receptor regula tanto a transferéncia como o catabolismo

de imunoglobulinas 9.

Na raca humana, a transmissao de IgG ocorre por meio da placenta.
Das cinco subclasses de imunoglobulinas, apenas a IgG cruza a placenta de
modo eficiente. A barreira placentaria € composta de sinciciotrofoblasto,
citotrofoblasto, lamina trofoblastica basal, tecido conjuntivo e endotélio capilar
fetal. A partir do segundo trimestre, o citotrofoblasto torna-se rarefeito,
permitindo o contato direto do sinciciotrofoblasto com o endotélio fetal,
formando a membrana sinciciocapilar Y. Portanto, a IgG deve atravessar tanto
o sinciciotrofoblasto como o endotélio fetal para a transferéncia intrauterina.
Em 1996, autores como Simister et al. e Leach et al. comprovam a presenca de
um receptor que se liga a porcdo Fc da IgG no sinciciotrofoblasto, denominado

receptor Fc neonatal (FcRn) 213),

A estrutura da IgG é composta de 4 cadeias de polipeptideos, sendo 2
cadeias leves e 2 pesadas unidas em forma de Y. Cada cadeia possui regides
constantes e variaveis. Em cada braco da estrutura em Y do anticorpo, as
cadeias leve e pesada sdo unidas por pontes de dissulfeto. Cada bragco é
denominado de fragmento Fab (“Fragment antigen binding”) que & a regiao que
se une ao antigeno. O tronco dessa estrutura em Y é a regido denominada Fc,

que interage com as moléculas efetoras, como o FcRn ¥ (Fig 1).



Figura 1: Estrutura da imunoglobulina G
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binding site

Fab Fragmen
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Azul= cadeia pesada; Verde= cadeia leve. Fc region= regido Fc e Fab Fragment= fragmento
que apresenta a regido ligadora de antigenos.

A imunoglobulina G é composta por 2 cadeias leves e 2 pesadas. Apresenta uma porcéao Fc
que se liga a moléculas efetoras e 2 fragmentos Fab, que se ligam ao antigeno.

Fonte: Cheguevara Afaneh, Meredith J. Aull and Sandip Kapur (2012). Modern Immunosuppression
Regimens in Kidney Transplantation, Current Concepts in Kidney Transplantation, Dr. Sandip Kapur (Ed.),
ISBN: 978-953-51-0900-6, InTech, DOI:10.5772/54092. Available from: http://www.intechopen.com/books/
current-concepts-in-kidney-transplantation/modern-immunosuppression-regimens-in-kidney-transplanta
tion. Obtida permissé&o do uso da figura.

O FcRn é uma molécula composta de uma cadeia a e de uma
microglobulina 2, estruturalmente semelhante a molécula do complexo de
histocompatibilidade (MHC) classe 1 (Fig 2). A cadeia a consiste de 3 dominios
extracelulares: a1, a2 e a3, uma por¢cdo transmembrana e uma pequena
porcao intracitoplasmatica. A microglobulina 2 associa-se a porgédo a3, e é
indispensavel para a ligacdo a IgG (Fig 3). FcRn se liga a regido CH2-Ch3 da
IgG. FcRn interage com a porcdo Fc da IgG através de pontes de sal que
ocorrem entre as histidinas da porcdo Fc da IgG e o acido glutdmico do
dominio a2 do FcRn @ (Fig 3).


http://www.intechopen.com/books/%20current-concepts-in-kidney-transplantation/modern-immunosuppression-regimens-in-kidney-transplanta%20tion
http://www.intechopen.com/books/%20current-concepts-in-kidney-transplantation/modern-immunosuppression-regimens-in-kidney-transplanta%20tion
http://www.intechopen.com/books/%20current-concepts-in-kidney-transplantation/modern-immunosuppression-regimens-in-kidney-transplanta%20tion

Figura 2: Estrutura do receptor Fc neonatal (FcRn)

glutamic acids®

.membrane

Cadeia a = vermelho. Microglobulina B2 = azul. Glutamic acids= acido glutamico. Membrane=
membrana

FcRn é composto de uma cadeia a (vermelho) e de uma microglobulina B2 (azul).Os acidos
glutdmicos sdo importantes para a ligagdo pH dependente a IgG. O FcRn se liga a porcao Fc
da imunoglobulina.

Fonte: Ellinger I, Fuchs R. hFcRn-mediated transplacental immunoglobulin G transport: Protection of and
threat to the human fetus and newborn. Wien Med Wochenschr. 2012; 162 (9-10): 207-213.Obtida
permisséo do uso da figura.



Figura 3: Ligacdo do Receptor Fc neonatal (FcRn) a Imunoglobulina G

Cadeia a do FcRn= vermelho. Microglobulina f2 do FcRn= azul.

FcRn se liga a IgG por meio de pontes de sal que ocorrem entre a histidina da por¢cédo Fc da
IgG e o acido glutdmico do dominio a2 do FcRn. A microglobulina B2 do FcRn também é
fundamental para essa interagéao.

Fonte: Ellinger I, Fuchs R. hFcRn-mediated transplacental immunoglobulin G transport: Protection of and
threat to the human fetus and newborn. Wien Med Wochenschr. 2012; 162 (9-10): 207-213.Obtida
permisséo do uso da figura.

A ligacdo do FcRn ‘a IgG ocorre de modo pH dependente (121315
,através dos acidos glutdmicos do dominio a2 do FcRn (). Assim, em pH
acido (pH= 6), existe alta afinidade do FcRn a IgG, mas em pH fisiolégico
(pH=7,5), ela é baixa. Portanto, o FCRn ndo é capaz de se ligar a IgG na
porcao apical do sinciciotrofoblasto. O modelo aceito atualmente € que a IgG,
presente em altas quantidades na circulacdo materna, sofre um processo de
pinocitose no sinciciotrofoblasto. Aqui, dentro de endossomas, onde o pH é
acido, ocorre a ligacdo com o FcRn. A IgG ligada ao FcRn é transportada a
porcdo basolateral do sinciciotrofoblasto, onde, na presenca de pH fisiologico é

liberada (21315.18) (Fig 4).

Leach et al. propoem que o FcRn tem também funcdo de protegéo ao

catabolismo da IgG, como proposto por Brambell (*®). O FcRn também é



expresso em células endoteliais, epiteliais e e hematopoiéticas (1°). Assim, a
IgG que se liga ao FcRn dentro de endossomas é protegida da degradacao
intracelular nos lisossomos @®. Acredita-se que este processo ocorra
principalmente em células endoteliais ®°. Isto explica a longa meia-vida da IgG
no plasma, quando comparado a outras proteinas (*°). Atualmente ¢é
controverso na literatura se o FCRn é expresso também no endotélio fetal.
Assim, é possivel a existéncia de outro receptor para o transporte através do

endotélio fetal 19,

Figura 4: Transporte da Imunoglobulina G através do sinciciotrofoblasto

FcRn

Ell
IgG
[e]

Lysossomal enzymes

O transporte da IgG ocorre através do sinciciotrofoblasto. A IgG sofre endocitose. O FcRn
presente nos endossomas, em pH acido, liga-se a IgG. A IgG ligada ao FcRn é protegida da
degradacdo nos lisossomas e sofre uma transcitose a membrana basolateral. Aqui o
endossoma se funde & membrana e, na presenca de pH fisiolégico, promove a liberacao da
19G do FcRn.

Fonte: Palmeira P, Quinello C, Silveira-Lessa AL, Zago CA, Carneiro-Sampaio M. 1gG Placental Transfer
in Healthy and Pathological Pregnancies. Clin Develop Immunol. 2012, Article ID 985646, 13 pages, 2012.
doi:10.1155/2012/985646.0btida permisséo do uso da figura.

Atualmente sabe-se que o transporte de IgG pela placenta depende de
sua subclasse. Existem 4 subclasses de 1gG: 1, 2, 3 e 4. Estas subclasses

apresentam diferentes regides Fc, que promovem diferentes afinidades pelo



receptor FcRn. H& um transporte preferencial de IgG1l, seguido por IgG4,
depois IgG3 e por ultimo IgG2, que apresenta a menor afinidade pelo FcRn
(17.18.19) " A resposta imunolégica, ou seja, o tipo de imunoglobulina produzida,
depende do estimulo antigénico. Assim, 0s anticorpos produzidos contra
proteinas virais e antitoxinas geralmente sdo da classe IgG1l, enquanto os
anticorpos produzidos contra bactérias encapsuladas (Ex: Streptococcus
pneumonie, Streptococcus do grupo B) sdo predominantemente 1gG2 e as
imunoglobulinas produzidas contra os lipopolissacarideos (LPS) de bactérias
gram-negativas s&o principalmente 1gG1 e IgG2 (6172021 Dessa maneira, a
menor transferéncia de imunoglobulinas 19gG2 e IgG3 poderia estar implicada

em maior susceptibilidade dos neonatos a determinadas infec¢ées (7).

Outro fator que influencia a transferéncia de anticorpos transplacentarios
€ a idade gestacional. Assim, a passagem de imunoglobulinas pela placenta se
inicia por volta de 13 semanas de gestacdo e apresenta um aumento gradual,
atingindo o seu pico no ultimo més de gestacdo (16182122 A concentracéo de
IgG no corddo umbilical ao nascimento, em gestacdes de termo, tende a
exceder os niveis maternos, indicando um transporte ativo através da placenta
(16.18.212223) - Opserva-se aumento linear na transferéncia de IgG total, bem
como de todas as suas subclasses (IgG1l, 1gG2, 1gG3 e IgG4) durante a
gestacdo (171821 Entretanto, o maior aumento ocorre para IgG1l, que € a
principal classe de imunoglobulina presente no termo da gestacgéo ‘82223 |gG2
apresenta 0 menor aumento de concentracdo ao longo da gestacao quando
comparado com outras imunoglobulinas ®82%. Portanto, uma consequéncia
direta desse fato é que recém-nascidos pré-termo apresentam menor
concentracdo de imunoglobulinas circulantes, o que pode estar implicado em
maior risco infeccioso ?¥. Assim, foi demonstrado que neonatos prematuros
apresentam menor concentracdo de anticorpos contra sarampo, rubéola,
varicela zoster, caxumba, difteria e tétano, herpes virus tipo 1, virus sincicial

respiratorio, Haemophilus influenzae e pneumococo 42526),

Atualmente, sabe-se que o transporte intrautero de anticorpos depende
dos respectivos niveis maternos. Existe uma forte correlagdo entre os niveis

maternos e os do corddo umbilical de imunoglobulinas @®. Assim, Van der Zwet



et al. observam que o principal determinante dos niveis neonatais de anticorpos
contra o virus de Varicella Zoster é o nivel materno desses anticorpos @”. Van
den Berg et al. também observam uma forte correlacdo entre os niveis
maternos e neonatais de anticorpos contra coqueluche, difteria, tétano,
Haemophilus influenzae do tipo b e Neisseria meningitidis do serogrupo C @2,
Entretanto, o transporte de imunoglobulinas por meio do FcRn pode estar
saturado diante dos altos niveis maternos de anticorpos. Assim, Mantyjarvi et
al. observam, na Finlandia, que em gestacdes de termo, 0s niveis de
anticorpos contra o virus influenza A2/Hong kong tendem a ser maiores que 0s
maternos em 33,1 % das gesta¢cOes, quando a concentracdo materna desse
anticorpo é normal ou baixa. Porém, nos casos em que a concentracao
materna desses anticorpos € alta, apenas 11,8% dos recém-nascidos
apresentam valores acima dos maternos ®. Hartter et al., estudando a
transferéncia transplacentaria de anticorpos na populacdo alema e nigeriana,
observam que o alto nivel materno de imunoglobulinas presente na populacdo
africana reduz a concentracdo de anticorpos total e contra o sarampo que
atravessa a placenta. Isso resulta uma concentracdo neonatal de anticorpos
contra o sarampo duas vezes menor na populacdo nigeriana ?%. Okoko et al.
também observam que a hipergamaglobulinemia materna reduz a transferéncia
transplacentaria de anticorpos contra o virus Herpes simples, o virus sincicial
respiratorio, o virus da varicela zoster e 0 Pneumococo. Os autores observam
que, nessa condicdo, ha a diminuicdo da transferéncia de IgG1 e 1gG2, mas
néo de IgG3 e IgG4 C9),

Algumas patologias, como a maléria e a infec¢éo por HIV, podem afetar
a transferéncia transplacentaria de anticorpos. Assim, é descrita menor
transferéncia placentaria de anticorpos antimaléaria, contra o virus do herpes
tipo 1, o virus sincicial respiratério e o virus da varicela zoster em pacientes
com malaria ©%3Y, Acredita-se que isso esteja relacionado a lesdes
placentéarias provocadas por essa patologia . Menor transporte de anticorpos
contra a malaria, o virus da varicela zoster, o toxoide tetanico, o virus do
sarampo, a estreptolisina O e o0 Streptococcus pneumoniae € descrito em

pacientes com infecgéo pelo HIV G132,



O recém-nascido apresenta maior susceptibilidade a infeccdes
devido & imaturidade do seu sistema imunoldgico 9 relacionada a menor
resposta tanto humoral como celular do seu sistema de defesa 33, Assim, a
transmissao de anticorpos intrautero, basicamente IgG como descrito acima, é
importante para conferir uma imunidade passiva a curto prazo ao neonato, até
que o seu organismo tenha melhores condi¢cfes de defesa. Apds 0 nascimento,
0 recém-nascido, ao amamentar, recebe um suporte imunoldgico adicional com

a aquisicdo da imunoglobulina A (IgA) 8,

Em paises em fase de desenvolvimento, as principais bactérias
envolvidas nas infecgcdes neonatais, em unidade de terapia intensiva, sdo as
gram negativas, como a Klebsiella spp. e a Pseudomonas spp., enquanto, em
paises desenvolvidos, os principais agentes etioldgicos envolvidos nessas
infeccbes sdo as bactérias gram positivas, como o Streptococcus do grupo B e

o Stafilococcus coagulase negativo €34,

Um estudo multicéntrico realizado por Couto et al., no Brasil, revela que
as principais bactérias causadoras de sepsis em unidades de terapias
intensivas neonatais sdo a Klebsiela spp., seguido da E coli e da Pseudomonas
spp. ©®. Lipopolissacarideos (LPS) s&o moléculas na membrana externa de
bactérias gram-negativas relacionadas com uma maior viruléncia. Silveira
Lessa et al. observam que a concentracdo em corddo umbilical de anticorpos
contra LPS da Klebsiella spp. € menor em recém-nascidos pré-termo que em
suas maes e a concentracao de IgG anti-LPS de Pseudomonas é maior em

recém-nascidos de termo que em suas méaes ©9).

O Streptococcus do grupo B permanece como o principal causador de
sepsis neonatal em paises desenvolvidos, mesmo com a quimioprofilaxia
intraparto ©¢”). Esse agente pode estar envolvido tanto na ocorréncia da sepsis
precoce (antes do 7° dia de vida) como na tardia. O Streptococcus do grupo B
apresenta varios sorogrupos, sendo que o sorogrupo 1 A esta mais relacionado
com a sepsis precoce, enquanto o sorogrupo 3 é o agente causador de 90%
dos casos de sepsis tardia. Lin et al., em 2 estudos multicéntricos americanos,
observam que o risco de sepsis precoce diminui com o aumento dos niveis

maternos de IgG contra esse patdégeno. Os autores notam que os neonatos
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cuja mae apresenta niveis de IgG contra o sorogrupo 1 A = 5 pg/mL
apresentam 88% menor risco de desenvolvimento de sepsis precoce, enquanto
niveis maternos = 10 pug/mL contra o sorotipo 3 produzem um bom nivel de

protecdo neonatal 839,

Os estudos realizados para investigar a transferéncia transplacentaria de

anticorpos foram realizados basicamente em gestacdes Unicas.

Apenas um estudo investigou a transferéncia transplacentaria de
imunoglobulinas exclusivamente em gestacfes gemelares. Bryan et al., em um
estudo com 50 pares de gemelares, observam nivel de IgG maior no cordéo
umbilical que no sangue materno, indicando transporte ativo de
imunoglobulinas também em gestacfes gemelares. Os autores ndo observam
correlagcdo entre a zigoticidade e 0s niveis neonatais de anticorpos. O principal
fator relacionado com o nivel de IgG em um neonato é o nivel de

imunoglobulina do irméo “0).

Esse estudo foi realizado ha mais de 30 anos, quando o manejo das
gestacdes era realizado de modo diverso do atual. Hoje em dia, sabe-se que a
corionicidade é mais importante que a zigoticidade como fator prognéstico dos
resultados perinatais “4?, Assim, é de suma importancia o conhecimento da
corionicidade da gestacdo mdltipla para a sua conducdo durante o pré-natal 4%,
uma vez que gestacdes monocoribnicas apresentam pior progndstico, como
maior risco de Obito fetal, enterocolite necrotizante, neuromorbidade,
prematuridade, restricdo de crescimento intrauterino, admissdo em unidade de

terapia intensiva neonatal e hemorragia intraventricular grau 3 e 4 4449,

Assim, ndo é conhecida a influéncia da corionicidade na transferéncia de
imunoglobulinas intrauterinas, como também ndo h& estudos sobre a
transferéncia de imunoglobulinas contra patdgenos especificos em gestacoes
multiplas. Portanto, tendo em vista a escassez de estudos na literatura sobre a
transferéncia transplacentaria de anticorpos em gestacbes gemelares, o
objetivo deste estudo € investigar os fatores que se relacionam com a
passagem intrautero de IgG total, IgG contra o Streptococcus do grupo B e

contra o LPS da Klebsiella sp e da Pseudomonas sp em gestagcdes multiplas.
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2- Resumo do plano inicial

O projeto de pesquisa original foi dividido em 2 projetos, sendo uma
parte realizado pelo departamento de obstetricia e outra pelo departamento de

pediatria. O projeto de pesquisa original tinha como obijetivos:

1- Estabelecer os valores de referéncia de IgG total em sangue de
corddo umbilical de gestacOes gemelares e examinar sua correlacdo com a
concentracdo de 1gG total no sangue materno. Também seria analizado sua
correlagcdo com a idade gestacional do parto, com o peso de nascimento, com
a corionicidade da gestacdo, com o0 sexo dos recém-nascidos, com a
zigoticidade e com a presenca de insuficiéncia placentéria.

2- Estudar a concentracao de anticorpos anti-Streptococcus B e anti-
lipopolissacarideos de Klebsiella spp. e de Pseudomonas spp. presentes no
corddo umbilical de cada gémeo e comparar com as respectivas concentracées
encontradas no sangue materno, além de comparar com o status da
colonizacdo materna por Streptococcus B durante a gestacdo. Também
apresentava como objetivos descrever a evolucao clinica dos recém-nascidos
durante a internacdo e analisar a associacdo entre episédios de infeccdo
neonatal e a concentragdo de imunoglobulinas totais e contra anti-
Streptococcus B e anti-LPS de Klebsiella spp. e de Pseudomonas spp. no

sangue do cordao umbilical.

3- Estudar a presenca do FcRn na interface materno-placentaria de

gestacdes gemelares.
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A evolucao clinica dos recém-nascidos e a analise da correlagdo entre a
presenca de infeccdo neonatal com a concentragcdo de imunoglobulinas em

sangue de corddo umbilical foi realizada pelo departamento de pediatria.

Os outros objetivos que constavam do projeto inicial estdo em nosso
subprojeto de pesquisa. Entretando, o estudo da presenga do FcRn na
interface materno-placentaria ndo foi ainda realizado por ndés, ndo sendo,

portanto, parte desta tese.

O tamanho amostral calculado na ocasiéo do projeto foi de 44 gestacOes
gemelares. Foram incluidas no projeto 58 gestacdes gemelares que cumpriram
os critérios de inclusdo. Uma gestacdo foi excluida das analises devido ao
diagnéstico pos-natal de malformagéo cardiaca em um dos gémeos. Em duas
gestacoes (1,72%) a quantidade de sangue coletado nos corddes foi suficiente
apenas para dosagem de IgG total. Assim, para o estudo de IgG total fizeram
parte 57 gestacoes e 114 recém-nascidos. Ja para o estudo de IgG anti-LPS de
Klebsiella spp. e de Pseudomonas spp. e anti-Streptococcus B fizeram parte 55

gestacBes e 110 recém-nascidos.
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2.1 Objetivos

Esta tese teve como objetivos:

1. Estabelecer as concentracdes de IgG total em sangue de cordao
umbilical e sua taxa de transferéncia em gestacdes gemelares no momento do

parto:

la. Examinar a correlagdo com as concentracdfes no sangue da mae;

1b. Examinar a correlagcédo, segundo a idade gestacional;

1c. Examinar a correlacdo com o peso de nascimento e a presenca de

restricdo de crescimento intra-uterino;

1d. Examinar a correlacdo com a corionicidade, o sexo das criancas, a
presenca de sinais de insuficiéncia placentaria, o peso da placenta, a via de
parto, a idade materna, a cor materna, a presenca de doenca materna pré-

gestacional, a presenca de diabetes e de hipertensdo na gestacao.

2. Estudar a concentracdo de anticorpos anti-Streptococcus B e anti-
lipopolissacarideos de Klebsiella spp. e de Pseudomonas spp. presentes no
corddo umbilical de cada gémeo e suas respectivas taxas de transferéncia no

momento do parto:
2a. Comparar com as concentragcfes encontradas no sangue materno;

2b. Comparar com o status da colonizacdo materna por Streptococcus B

durante a gestacéao.

2c. Examinar suas correlagcdes com a idade gestacional de nascimento,
0 peso de nascimento, a presenca de restricdo de crescimento intrauterino, a
corionicidade, o sexo das criangcas e a presenca de sinais de insuficiéncia

placentaria.
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2d. Examinar suas correlagdes com o peso da placenta, a via de parto, a
idade materna, a cor materna, a presenca de doenca materna pré-

gestacional, a presenca de diabetes e de hipertensédo na gestacao.
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3- Projeto de Pesquisa
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INTRODUCAO

Com o avanco das técnicas de reproducdo assistida, tem-se
observado um aumento progressivo do numero de recém-nascidos gemelares
nas Unidades de Terapia Intensiva neonatal. Estes neonatos apresentam risco
elevado de eventos morbidos e 0Obito no periodo neonatal, relacionados a
fatores como prematuridade, restricdo de crescimento intrauterino, baixo peso

ao nascimento e outros.

As gestacbes multiplas apresentam maior risco de complicacdes
maternas, fetais e neonatais, portanto, a Clinica Obstétrica do HC-FMUSP
possui ambulatério especifico para acompanhar essas gestacfes e, ap0s o
nascimento, os recém-nascidos sdo acompanhados no Bercario Anexo a
Maternidade (BAM). Devido a esta caracteristica, a frequéncia de recém-
nascidos muiltiplos é maior nesse servico em relacdo a populacdo geral,
associando-se a elevada morbimortalidade e maior tempo de internagdo. O
BAM contém 63 leitos e recebe em média 180 recém-nascidos por més. Para
enfatizar o maior risco associado aos recém-nascidos multiplos ilustraremos a
casuistica do ano de 2006, em que nasceram vivos 2.062 RN, dos quais 6,7%
(n=139) foram provenientes de gestac6es multiplas e 64% (n=89) desses, pré-
termo, enquanto a taxa de prematuridade entre os ndo gemelares foi de 28,4%.
As freqiéncias nos gemelares comparada aos Unicos também foi
significativamente maior para os seguintes parametros: RN de baixo peso
(73,4% versus 24,6%); RN de muito baixo peso (14,4% versus 5,1%) e
mortalidade (7,9% versus 3,7%). Todos os RN gemelares que faleceram eram
pré-termo, enquanto a taxa de prematuridade entre os 6bitos de RN Unicos foi
de 84,5%. Analisando-se a mortalidade por faixa de peso de nascimento,
verificou-se influéncia da gemelaridade sobre a taxa de Obitos apenas entre os

RN de muitissimo baixo peso.
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No inicio deste século, alguns autores destacaram que infeccbes
representam uma das principais causas de mortalidade e sequelas tardias
entre recém-nascidos de muito baixo peso nas Unidades de Terapia Intensiva.
Entre os principais fatores de risco relacionados a sepse nestes neonatos
destacam-se: culturas maternas (vaginal ou anorretal) positivas para
Streptococcus do grupo beta hemolitico (EGB) no momento do parto, rotura
prematura de membranas (igual ou superior a 18 horas), corioamnionite, baixo

peso ao nascimento, prematuridade e febre materna intraparto.

Lin et al. (2001) demonstraram que os RN filhos de mées com niveis de
anticorpos anti-EGB sorotipo la maior que 5upg/ml, apresentavam risco de
desenvolver sepse por esta bactéria 88% menor em relacdo aos filhos de mées
com niveis de anticorpos anti-EGB inferiores a 0,5 ug/ml. Estudo semelhante
realizado em 2004 mostrou que os RN filhos de mées com niveis de anticorpos
anti-EGB sorotipo Il acima de 10 pg/ml apresentavam risco de desenvolver
sepse por esta bactéria 91% menor em relacédo aos filhos de méaes com niveis

inferiores a 2ug/ml (Lin, 2004).

No Bercario anexo a Maternidade do Hospital das Clinicas (BAM), dois
estudos analisaram a passagem transplacentaria de anticorpos para
Streptococcus pneumoniae e Haemophilus influenzae, respectivamente.
Carvalho et al. (1999) avaliaram os anticorpos anti-Streptococcus pneumoniae
sorotipos 1, 3, 6B, 9V e 14, em recém-nascidos de termo e pré-termo entre 32
e 36 semanas de idade gestacional. A transmissao transplacentaria para os RN
pré-termo (RNPT) foi menor em relacdo aos RN de termo (RNT) para todos os
sorotipos. Nagao et al. demonstraram concentra¢cdes mais baixas de anticorpos
anti-Haemophilus influenzae tipo B em RN pré-termo, quando comparados aos
RNT.

Em relacdo ao Streptococcus B, a ocorréncia de passagem
transplacentaria de anticorpos contra proteinas especificas da capsula do EGB
foi demonstrada recentemente. Nao foram consideradas, entretanto, as

diferencas entre o RN de termo e o pré-termo (Manning, 2006).
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Recentemente, em nosso meio, Brasil et al. (2008) analisaram a
transferéncia transplacentaria de anticorpos anti-Streptococcus B nos recém-
nascidos de termo e pré-termo e demonstraram que a transferéncia de IgG e
de anticorpos anti-EGB foi menos eficiente nos RNPT. A correlacdo positiva
entre a concentragcdo sérica de IgG e de anticorpos anti-EGB com a idade
gestacional comprova a importancia da prematuridade como fator determinante
das baixas concentracdes séricas destes componentes no repertorio

imunologico do recém-nascido.

Silveira-Lessa et al. (2011) estudaram a aquisi¢cdo passiva de anticorpos
IgG maternos reativos com os lipopolissacarideos (LPS) de enterobactérias
incidentes em infec¢cbes neonatais por recém-nascidos pré-termo e a termo.
Observou-se que os niveis de IgG anti-LPS de Klebsiella, e de E. coli 026,
0111 e O6 nos recém-nascidos pré-termos foram significativamente mais
baixos quando comparados as suas respectivas maes, com taxas de
transferéncia significativamente menores nos pré-termos nascidos abaixo de 33
semanas de gestacao (exceto para O26) e nos pré-termos nascidos entre 33 e
36 e 6/7 semanas de gestacdo (exceto para Klebsiella e O111) quando
comparados aos de termo (p <0,05). No entanto, entre 0s neonatos, niveis
mais baixos de anticorpos IgG especificos foram observados somente para o
LPS 0111 no grupo de RNs pré-termo extremos (p <0,05) e para LPS 026 e
Pseudomonas no grupo de RNs pré-termo tardios, ambos comparados aos
RNs nascidos a termo (p <0.05). Os resultados sugeriram que, além da
imunidade humoral, fatores intrinsecos e extrinsecos decorrentes da condi¢cao
de prematuridade sejam preponderantes no desenvolvimento de infeccOes

neonatais.

As primeiras evidéncias de transmissao de imunoglobulinas da méae para
o feto surgiram com Brambell e colaboradores ha aproximadamente sessenta
anos (Brambell et al., 1949). Hoje sabemos que a Unica classe de anticorpo
capaz de ser transportada da mae para o feto é a imunoglobulina G (IgG). A
passagem transplacentaria inicia-se lentamente com aproximadamente 16

semanas de gestacdo, mas entre a 222 e 262 semana o nivel de IgG fetal



19

aumenta rapidamente e dobra de concentracao ao final da gestacéo (Simister,
2003).

A IgG se desloca da circulacdo materna aos capilares fetais mediada
pelo receptor Fc neonatal (FcRn). Em humanos, este receptor é expresso no
sinciciotrofoblasto e liga-se com alta afinidade a 19G, quando em pH acido

(<6,5), mas ndo em pH fisiolégico (7,4).

Assim, a passagem da IgG ocorre a partir do momento em que o0
sinciciotrofoblasto internaliza fluido materno em endossomos; as moléculas de
IgG ali presentes, juntamente com o0s receptores, sdo gradualmente
acidificados permitindo a forte ligagdo entre ambos e protecdo contra a acao de
enzimas lisossomais. A vesicula se funde a membrana na face fetal do
sinciciotrofoblasto, a 1gG é dissociada pela acdo do pH fisiolégico e cai na

circulacao (Simister & Story, 1997).

A quantidade de IgG transmitida depende da quantidade de receptores
na superficie celular e a taxa de transmissdo depende das taxas de ligacao e
de liberacdo de moléculas de IgG desses receptores. O carater seletivo do
processo depende de uma ou de ambas as taxas e da variacao entre diferentes
subclasses de 1gG, ocorrendo preferencialmente para IgG1>1gG3>lgG4>1gG2.

A analise da estrutura co-cristal da ligacdo Fc-FcRn revela que o FcRn
liga-se a regido de dobradica CH2-CH3 dos anticorpos IgG, uma regido versatil
que também se liga a proteina A estafilococica e proteina G estreptocdcica e

fator reumatoide (Roopenian & Akilesh, 2007).

Além de seu papel critico na transferéncia de IgG para o feto ou
neonato, o FCRn é responsavel por aumentar a meia-vida da IgG no soro de
adultos. O FcRn é também expresso em muitos outros tecidos em animais
adultos, incluindo o homem, tais como barreira hemato-enceféalica, glomérulos
dos rins e epitélio intestinal. No entanto, a expressao deste receptor nestes
locais ainda necessita de mais estudos com o objetivo de modular o transporte
especifico de 1gG para promover a defesa do hospedeiro ou para controlar a

deposigcao de imune-complexos (Roopenian & Akilesh, 2007).
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Em recém-nascidos gemelares ndo ha estudos sobre a expressédo de
receptores FCRn na placenta e sobre possiveis diferencas na transferéncia de

anticorpos maternos.

JUSTIFICATIVA

N&o h& estudos na literatura examinando o efeito da gestagdo mditipla

nas concentracdes séricas de anticorpos de recém-nascidos.

HIPOTESE

O presente estudo baseia-se na hipétese de que, em gestacOes
multiplas, a passagem transplacentaria de anticorpos maternos para os fetos
ocorre de forma diferente da observada em gestacdes Unicas. Essa diferenca
pode ser atribuida fundamentalmente ao desenvolvimento concomitante de
dois conceptos no ambiente uterino, com massa placentaria total distinta
daquela encontrada habitualmente em gestacdes Unicas. Essas diferencas
induzem necessidades adaptativas extremas no organismo materno e pode
repercutir na dindmica de transferéncia placentaria de anticorpos durante a

gestacao.

Conhecer os fatores que interferem na passagem transplacentaria de
anticorpos em gestacdes multiplas constitui elemento importante para adequar
0 manejo clinico destas gestacdes, com o intuito de reduzir as taxas de
morbidade e letalidade perinatais observadas, principalmente relacionadas a

complicacfes infecciosas durante os primeiros dias e semanas de vida.
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O Hospital das Clinicas da Faculdade de Medicina da USP é centro de
referéncia terciario para o atendimento obstétrico e perinatal. Apresenta
elevada frequéncia de atendimento a gestacbes multiplas, e sendo assim,
constitui local propicio para o desenvolvimento de estudo prospectivo para

investigar a hipétese formulada.

OBJETIVOS

Objetivo Principal:

Examinar a transferéncia de anticorpos maternos nas gestacoes

gemelares.

Objetivos Secundérios: uma vez que a gestacdo gemelar tem varias
particularidades que poderiam influenciar a transferéncia de anticorpos e a
interpretacdo dos resultados é necessario avaliar os diferentes aspectos que

possam interferir nesse processo:

1. Estabelecer os valores de referéncia de IgG total em sangue
de cordéo de gestacbes gemelares:

la. Examinar a correlacdo com as concentragdes no sangue da
mae;
1b. Examinar a correlacdo segundo a idade gestacional;

1c. Examinar a correlacdo com o peso e percentil de nascimento;

1d. Realizar andlise comparativa segundo a corionicidade, o sexo das

criangas, a zigoticidade, e presenca de sinais de insuficiéncia placentaria.
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2. Estudar a concentracdo de anticorpos anti-Streptococcus B e
anti-lipopolissacarideos de Klebsiella e de Pseudomonas presentes no

cordao umbilical de cada gémeo:
2a. Comparar com as concentragfes encontradas no sangue materno;

2b. Comparar com o status da colonizagdo materna por Streptococcus B
durante a gestagao.

2c. Descrever a evolucdo clinica dos recém-nascidos durante a

internacao.

2d. Analisar a associacao entre episodios de infeccdo neonatal e a

concentracdo de imunoglobulinas no sangue do corddo umbilical.

2e. Analisar a associacao entre episodios de infeccdo neonatal e a
concentracdo de anticorpos anti-Streptococcus B no sangue do cordéo

umbilical.

2f. Analisar a associacao entre episédios de infeccdo neonatal e a
concentracdo de anticorpos anti-LPS de Klebsiella e de Pseudomonas no

sangue do corddo umbilical.

3. Estudar a presenca do FcRn na interface materno-placentaria

de gestacbes gemelares

3a. Avaliar a associacdo do tipo de placentacdo (monocoribnica ou

dicoribnica) com a expressao de receptores na placenta,

CASUISTICA e METODOS

Estudo prospectivo transversal envolvendo uma coorte de recém-

nascidos vivos provenientes de gestacdes multiplas acompanhadas no Setor



23

de gestacdes multiplas da Clinica Obstétrica do HC-FMUSP com parto nesta

instituicao.

Critérios de incluséo
a. gestacdo multipla com pré-natal e parto realizados na institui¢cao;

b. ambos os fetos nascidos vivos e sem malformacdes ou sindromes

genéticas;
c. idade gestacional no parto = 26 semanas;

d. perfil sorolégico materno negativo para doenca infecciosa recente por
HIV, CMV, hepatites B e C, sifilis, toxoplasmose e rubéola, durante o pré-natal;

e. auséncia de doencgas autoimunes maternas;

f. auséncia de rotura das membranas ovulares com periodo superior a

12 horas do parto;

g. auséncia de corioamnionite;

Critérios de excluséo

a. diagndstico poés-natal de infecgbes como HIV, CMV, hepatite B ou C,

sifilis, toxoplasmose ou rubéola;
b. diagnéstico pos-natal de malformacéo fetal ou sindromes genéticas;

c. quantidade insuficiente de sangue coletado;

Tamanho amostral

Para demonstrar uma reducdo significativa de cerca de 20% na
concentracdo de imunoglobulinas presentes no sangue de corddo decorrente

de qualguer uma das caracteristicas a ser estudada (por exemplo,
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monocoridnicas versus dicoribnicas), o tamanho amostral necessario é de 44

casos.

Esta estimativa assume os valores médio e desvio-padrao (550 + 110
mg/dl) de IgG encontrados em 18 recém-nascidos pré-termo, apresentados em
dissertacdo apresentada a Faculdade de Medicina da USP (Brasil, 2008), nivel

de significancia de 5% e poder do teste de 80%.

Coleta das amostras

As coletas de sangue materno, corddo umbilical, placenta e colostro

serdo realizadas ap6s consentimento informado.

A coleta do sangue materno (10 ml, tubo com gel separador) para
dosagem da concentracdo de anticorpos maternos serd realizada ap6s a
venopuncdo para manutencdo do acesso venoso, antes da instalacdo da
anestesia, nos minutos que antecedem o parto. Portanto, ndo sera necessario

realizar puncao extra para esse fim.

Para a coleta do sangue dos corddes umbilicais, apdés o0 nascimento e
clampeamento dos corddes, sera realizado um segundo pingamento em cada
corddo conectado a placenta para obtencdo de segmento do qual sera
realizada a coleta de sangue de artéria umbilical. Os 5 a 10mL de sangue

obtidos seréo colocados em tubo com gel separador.

Serdo obtidas amostras de placenta para a andlise da expressao dos
receptores FcRn. A escolha do local da placenta para coleta da amostra sera
feita baseada na analise macroscopica da superficie materna, em regido de
aspecto homogéneo e normal. Nas placentas com massa placentaria Unica ou
naquelas ja sabidamente monocoribnicas, as coletas serdo proximas ao cordao

umbilical de cada gémeo.
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Processamento das amostras

As amostras de sangue de corddo e sangue materno serao
encaminhadas ao laboratorio Central do Hospital das Clinicas da FMUSP e,
apos a retracao do coagulo, serdo centrifugadas, a 2.000 rpm por 10 minutos a
20°C e os soros aliquotados e condicionados a - 86°C. A seguir, serédo
transportadas para o Laboratério de Pediatria Clinica (LIM-36) do
Departamento de Pediatria da Faculdade de Medicina da USP, onde serdo

realizadas as dosagens dos niveis séricos de anticorpos.

Os fragmentos placentarios serdo coletados e acondicionados em PBS
estéril gelado para o transporte do Centro Obstétrico ao laboratério. Estes
fragmentos serdo divididos, sendo parte imersa em uma solucédo de RNA later
e o0 restante congelado em nitrogénio liquido. Desta forma, fragmentos
refrigerados e congelados serdo transportados até o Laboratério de Pediatria

Clinica (LIM-36), onde serdo processados.

Expressédo do FcRn Por RT-PCR

As porcdes da interface materno-placentaria das gestantes seréo
descongeladas, divididas em fragmentos de pequenas dimensfes e
submetidos a extracdo do RNA total através do kit Allprep Mini Kit (Qiagen),
que pode ser utilizado para isolar tanto RNA, como proteinas de células totais
ou de tecidos. O método € baseado na lise diferencial de membranas celulares
plasmaticas e nucleares por detergentes nao-iénicos. O RNA é, entéo, isolado
e a alta qualidade do RNA recuperado pode ser utlizada para qualquer

aplicacao, incluindo RT-PCR, hibridizacéo, traducao in vitro e sintese de cDNA.

A estimativa da concentracdo de DNA nas amostras extraidas sera
realizada por espectrofotometria UV (Nanovue Plus, GE) em comprimento de
onda de 260 nm e 280 nm. O indice de pureza sera determinado por meio da
razéo 260nm/280nm e considerado adequado na faixa de 1,8-2,0. O RNA total
extraido serd submetido a transcricdo reversa para obtencdo do DNA
complementar (cDNA) utilizando-se o kit SuperscriptTM 1ll  Reverse
Transcriptase (Invitrogen). Dois microgramas da amostra de RNA total seréo
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adicionados numa solugao contendo 50uM de oligo (dT) “primer” e a solugao
sera completada para um total de 12 pl com agua DEPC 1:10.000. O oligo (dT)
hibridiza na cauda 3’ poli (A) presente no RNA mensageiro maduro em que o
processo de “splicing” ja foi realizado. Assim utilizaremos para as nossas

andlises apenas o acido ribonucléico mensageiro (RNAmM) j& processado.

A reacdo de PCR quantitativo (PCR em tempo real) sera realizada com
Master Mix em aparelho Real-Time PCR One-Step Plus (Applied Biosystems,
Forster City, California).

Os primers e a sonda com marcacao do tipo TagMan usados para a
deteccdo do FcRn por PCR Real-Time serdo: FCGRT (Identificacdo do teste:
Hs01108967_m1, marcado com Fam-MGB) e GAPDH (controle enddgeno,
VIC-marcado com MGB), ambos obtidos da Applied Biosystems.

As condi¢cbes da reacdo serdo: 50 °C por 2 min, 95 °C por 10 min,
seguidos de 40 ciclos de 95 °C por 15 s e 60 °C por 1 min. Cada amostra sera
analisada em duplicata utilizando-se valores médios de CT para a
determinacao da expressdo do FcRn. Mudancas na expressao relativa serdo
calculadas usando-se 0 método do Delta-CT (27 (CtFECRN-CtGAPDH)y "como descrito
por Nolan et al. (2006).

Extracdo de proteinas

As proteinas totais das células da placenta serédo isoladas utilizando-se o
kit Allprep Mini Kit (Qiagen), o mesmo utilizado para extracdo de RNA, pois
este kit pode ser utilizado para isolar tanto RNA, como proteinas de células ou
tecidos. O protocolo sera realizado segundo instrucdes do fabricante. Fracdes
protéicas totais, nucleares e citoplasmaticas podem ser utilizadas diretamente
para aplicagcbes comuns como ensaios imunoenzimaticos, imunoprecipitacao,
eletroforese em gel bidimensional e Western blotting. As fracdes resultantes
serao aliquotadas e estocadas a —86°C até o momento de uso. A estimativa da
concentracdo de proteinas nas amostras extraidas serd realizada por
espectrofotometria UV (Nanovue Plus, GE) em comprimento de onda de 260

nm.



27

Ensaios de Western blotting

As proteinas (60 pg/amostra) de cada extrato celular da placenta seréo
separadas por SDS-PAGE e depois transferidas para membranas de
nitrocelulose por aparelho Mini Protean (Bio Rad Labs, Hercules). As
membranas de nitrocelulose serdo bloqueadas com tampédo TBS contendo 1%
de Tween 20 e 5% de leite desnatado em pd por 1 hora a temperatura
ambiente. Apds bloqueio, as membranas serdo incubadas com os anticorpos
primarios especificos para o FcRn (Abcam, USA) diluidos em tampao Tris
contendo 1% de Tween 20 e 5% de leite desnatado por 2 horas a temperatura
ambiente. Apos lavagens com PBS 0,04 Tween-20 0,1%, as membranas serao
incubadas com os anticorpos secundarios correspondentes conjugados com
HRP (Horseradish peroxidase) (Abcam, USA) por 1 hora a temperatura
ambiente. As membranas serdo lavadas e incubadas com reagente de
quimioluminescéncia (Lightening Plus; Perkin-Elmer, Boston, MA) por 1 minuto.
As bandas imunoreativas serdo visualizadas pela intensidade de
guimioluminescéncia, usando método Enhanced Chemiluminescent (ECL,
Perkin EImer). A mesma membrana sera incubada com anticorpos anti-3-actina

(Sigma) para controle do peso de proteina.

Dosagem dos niveis totais de IgG

Os niveis séricos de IgG total serdo avaliados através do método de
nefelometria, utilizando nefeldbmetro Behring com padrdes e controles
apropriados. As dosagens de imunoglobulinas serdo efetuadas segundo
protocolo de ensaio para nefeldmetro (Behringer, EUA). As amostras de soro
das parturientes e de seus respectivos recém-nascidos seréo diluidas conforme

instrucdes do fabricante (Berhinger, EUA).
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Antigenos Utilizados nos Testes de ELISA

Sera utilizada a cepa de Streptococcus sp do grupo B tipo Il nUmero
H36C, lote 05/85 (ref. ATCC 12403).

Serdo utilizados os lipopolissacarideos de Klebsiella pneumoniae (L-
4268, Sigma, USA), proveniente do ATCC, cepa 15380 e de Pseudomonas
aeruginosa sorotipo 10, ATCC, cepa 27316 (L-9143, Sigma, USA), ambas
isoladas de pacientes com infec¢ao hospitalar;

Anélise dos anticorpos anti-Streptococcus B por ensaio

Imunoenzimatico (ELISA)

Anticorpos 1gG do soro materno, anticorpos IgG de soro de cordéo
umbilical e anticorpos IgA do colostro reativos com os antigenos de superficie
de Streptococcus do grupo B serdo avaliados por ensaio imunoenziméatico
(ELISA). Apés repique do estoque de Streptococcus B em meio BHI (Brain
Heart Infusion), e cultivo por 16 a 18 horas a 37°C, o crescimento bacteriano
sera inativado a 60° C durante 1 hora, a cultura sera centrifugada a 3.000rpm
por 15 minutos a 4°C, o sobrenadante desprezado e o pellet ressuspenso em
tampéao carbonato-bicarbonato pH 9,0 até a densidade o6ptica (D.O.) de 1,0 em
espectrofotometro Micronal no comprimento de onda 540nm. Placas de
microtitulagcdo (3590, Corning, NY, USA) serdo adsorvidas com a suspensao
bacteriana por 16 a 18 horas a 4°C. Cada etapa do teste sera precedida por 4
lavagens com PBS-T (solucdo salina tamponada com fosfato pH 7,4 acrescida
de Tween 20 a 0,1%). As placas serdo, entdo, bloqueadas (PBS 7,4 - leite
desnatado em pd 1%) por 1 hora a temperatura ambiente e, em seguida, 0s
Pools de Soro e Colostro Humano Controle e as amostras teste de soro e
colostro serdo adicionados as placas em quatro diluicbes seriadas e em
duplicata diluidos em tampdo PBS NaCl 0,35M - Tween-20 0,1% - leite
desnatado em po 10%, permanecendo por 2 horas a 37°C. Em seguida, as
placas serdo incubadas com os conjugados anti-lgG ou anti-lgA humanos
marcados com peroxidase (A-0170 ou A-0295, Sigma, MO, USA) por 2 horas a
37°C e a solucéao de substrato contendo 0,4 mg/ml de ortofenilenodiamina (P-
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8287, Sigma, MO, USA) em tampao citrato-fosfato 0,1M, pH 5,0 e H202 0,01%
sera adicionada. Ap6s 30 minutos, a reacdo sera interrompida com &cido
sulfirico 2,5N e a leitura realizada em comprimento de onda de 492 nm
(Labsystems, Finland). O programa GraphPad Prism 5.0 sera utilizado para
montar curvas semilog a partir das densidades Opticas obtidas por meio da

leitura das placas.

Os resultados serdo expressos em titulos, determinados através da
curva semilogaritima feita a partir dos resultados das D.O.s obtidas com os
pools controle de soro e colostro e com as amostras em funcdo do log2 das
diluicdes. A partir da curva, os titulos das amostras serdao determinados como a

reciproca da diluicdo correspondente a uma D.O. de 0,5.

Andlise dos anticorpos anti-LPS de Klebsiella e anti-LPS de

Pseudomonas por ensaio Imunoenzimatico (ELISA)

Os testes serdo realizados utilizando-se microplacas de 96 pocos
(Costar, USA) adsorvidas com 10 ug/ml de LPS de K. pneumoniae, ou de P.
aeruginosa diluidos em PBS pH 7,4. Apos incubacao por 16 a 18 h a 4 °C, as
placas serdo lavadas com PBS-T (solucdo salina tamponada com fosfato pH
7,4 acrescida de Tween 20 a 0,1%) e o bloqueio realizado com leite desnatado
em po a 1% em PBS 7,4, por 1 hora a temperatura ambiente. A seguir, o pool
de soro humano normal usado como padrédo, os Pools de Soro e Colostro
Humano Controle e as amostras teste de soro e colostro serdo adicionados em
quatro diluicdes seriadas em PBS-NaCl 0,5 M Tween 0,2% e em duplicata,
permanecendo incubadas por 18 h a 4°C. Depois de novas lavagens, as placas
serdo incubadas com conjugado anti-lgG ou anti-lgA humano marcados com
peroxidase (A-0170 ou A-0295, Sigma, MO, USA) por 2 horas a 37°C e a
solucdo de substrato contendo 0,4 mg/ml de ortofenilenodiamina (P-8287,
Sigma, MO, USA) em tampéao citrato-fosfato 0,1M, pH 5,0 e H202 0,01% sera
adicionada. Ap6s 30 minutos de incubacdo ao abrigo da luz, a reacédo

enzimatica sera interrompida pela adicdo de H2SO4 2,5 N. A absorbéancia sera
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mensurada em leitor para microplacas no comprimento de onda de 492 nm

(Labsystems, Finland).

O programa Graphpad Prism sera utilizado para montar curvas de semi-
log a partir das densidades oticas (D.O.s) obtidas por meio da leitura das
placas de ELISA. Os resultados serdo expressos em concentragao (pg/ml),
determinada através da curva semi-logaritmica feita a partir dos resultados das
D.O.s em funcdo do logio das concentragdes da curva padrdo. A partir da
curva, as concentragdes das amostras serdo determinadas por interpolagdo na

curva.

Coleta dos dados

As informacdes referentes a gestacado, parto e condigdes serdo obtidas
durante as consultas de pré-natal, dos prontuarios hospitalares, do banco de
dados eletrénico da enfermaria e do sistema informatizado de laudos de

ultrassonografia da Clinica Obstétrica.

O diagnéstico da gestacdo multipla, da restricdo de crescimento e
insuficiéncia placentaria sera realizado pelo setor de gestacdo multipla
utilizando-se de avaliacdo ultrassonografica e da vitalidade fetal durante o

acompanhamento pré-natal.

A definicdo da corionicidade sera realizada pelo exame ultrassonografico

e avaliacdo anatomo-patologica da placenta.

A idade gestacional sera determinada pela data da ultima menstruacéo
(DUM) confirmada por ultrassonografia. Nos casos de DUM desconhecida sera
utilizado preferencialmente a ultrassonografia de primeiro trimestre, quando
disponivel, ou exames ultrassonograficos posteriores. Os métodos de
CAPURRO (1978) para os RNT e New Ballard (1991) para os RNPT serédo
utilizados para avaliacdo clinica da idade gestacional, em casos de duavida
sobre a DUM, auséncia de exame ultrassonografico ou datacéo
ultrassonograéfica tardia na gestacao.
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Os dados dos recém-nascidos serdo obtidos nos arquivos do Bergario
Anexo a Maternidade (BAM).

O peso de nascimento sera aferido em balanca digital de precisdo (com
aproximacédo de 5 gramas) regularmente calibrada, ainda no centro obstétrico
apos o nascimento das criangas, descontando qualquer equipamento preso ao

paciente por motivo da reanimacao.

Analise dos dados
Os dados serao analisados da seguinte forma:

1. Distribuicdo das concentracdes de imunoglobulinas no sangue de

cordao de gémeos, em relacao a:
a. idade gestacional no parto;
b. corionicidade : monocoridnica e dicoribnica;

c. peso dos recém-nascidos (abaixo do percentil 10, entre o percentil 10

e 90, acima do percentil 90 da curva para gémeos de Alexander et al. (1998);

d. presenca ou auséncia de insuficiéncia placentéria, demonstrada por
indice de pulsatilidade da artéria umbilical com valor acima do percentil 95 para

a idade gestacional,

e. sexo: masculino, feminino, dupla de feminino, dupla de masculino,

dupla com um de cada sexo;

2. Comparacao das concentracdes dos anticorpos no sangue de cordao
de gémeos monocoridnicos e dicoridbnicos em relagdo as variaveis

apresentadas na tabela 1.
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Tabela 1. Comparacdo das concentragcfes de anticorpos no sangue de
cordao de gemelares. <: menor; > maior; P10 = percentil 10 da curva de

Alexander et al. 1998 para gémeos; M= masculino; F = feminino.

Idade Peso Restricdo |Insuficiéncia
Tipos gémeos Nascimento | crescimento | placentéria

Gestacional _ :
<pl0|>pl0| Ndo | Sim | Nao | Sim M F

Sexo

Dicoriénico

Monocoriénico

3. Comparar as concentracbes dos anticorpos nos diferentes

compartimentos: corddo umbilical, placenta e mae.

Todos os demais dados serdo analisados conforme discriminados nos

itens dos objetivos 1, 2 e 3.

Analise estatistica

Para a descricdo dos resultados serdo utilizadas as frequéncias relativas

(percentuais) e absolutas (n) das classes de cada variavel qualitativa.

Para as variaveis quantitativas serdo utilizados a média, a mediana,
valor minimo, valor maximo e desvio padrdo para indicar a variabilidade dos

dados.

Para caracterizar a amostra estudada, serédo calculadas as tabelas de
frequéncias relativas (percentuais) e absoluta (n) das categorias das variaveis
qualitativas. Seréo calculadas as médias e medianas, erros-padrao, desvios-

padrdo, minimo e maximo das medidas encontradas.

Para a comparacdo entre 0s grupos independentes de variaveis
guantitativas, sera utilizado teste paramétrico de t de Student e nao
paramétrico de Kruskal Wallis. No caso de dependéncia, os testes t pareado e

nao parameétrico de Wilcoxon serdo aplicados para as comparacgoes.
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Para avaliar as correlacdes entre os diferentes grupos e variaveis seréo
utilizados os coeficientes de correlacdo de Pearson ou os coeficientes de

correlacdo de Spearman.

As taxas de transferéncia de anticorpos IgG serdao expressas em
porcentagem e definidas como a razao entre titulos de IgG no soro dos cordéo

e titulos de IgG no soro materno multiplicados por 100.

Andlise multivariada tendo como varidvel dependente a concentracao de
anticorpos, e examinando a correlagdo com fatores clinicos e demograficos
maternos, variaveis obstétricas e neonatais. Assim as variaveis independentes
serdo: idade, cor e paridade materna, idade gestacional no parto, peso de
nascimento, corionicidade, sexo do recém-nascido, ciclo completo de corticoide

para maturacao pulmonar até 7 dias do parto, presenca de trabalho de parto.

Serdo considerados significativos os valores de p (p-valor) menores do
qgue 0,05.

Os programas de armazenamento de dados e analise estatistica a

serem utilizados seréo: MS Office Excel e SPSS para Windows.



Cronograma de Execucao
Tempo previsto para a realizacao da pesquisa: 2 anos.

Inicio da coleta de dados a partir de Abril de 2011.
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1° e 2° Semestres

- Coleta de dados.
- Padronizacéo do ensaio de Western blotting;

- Padronizacéo do Real-Time PCR.

3° e 4° Semestres

- Realizagéo dos testes de ELISA
- Realizacao dos ensaios de Western blotting e Real-Time PCR;
- Andlise dos resultados;

- Preparacao dos manuscritos para publicacéo.
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Abstract

PROBLEM:

In twin pregnancies, factors that influence total umbilical cord IgG concentration

and IgG transfer ratio are not well known.

METHOD:

Blood samples were prospectively collected from 57 twin pregnancies. Stepwise multivariate regression analysis was
used to evaluate the association between total IgG levels in the umbilical cord blood and IgG transfer ratio according to
serum IgG concentration, pregnancy chorionicity, the presence of abnormal umbilical artery pulsatility index,
intrauterine growth restriction, gestational age at delivery (GAD), birthweight, and placental weight.

RESULTS:

Umbilical cord IgG concentration showed a positive correlation with serum IgG concentration and GAD; levels were
significantly lower in monochorionic compared with dichorionic pregnancies. IgG transfer ratio also increased with GAD
butwas inversely correlated with serum IgG concentration levels.

CONCLUSION:

In twin pregnancies, besides serum IgG concentration and GAD, chorionicity also influences umbilical cord IgG
concentration. Monochorionic twins have lower IgG cord concentration than dichorionic twins.

©2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.
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Abstract

Problem: In twin pregnancies, factors that influence total umbilical cord IgG

concentration and IgG transfer ratio are not well known.

Method: Blood samples were prospectively collected from 57 twin pregnancies.
Stepwise multivariate regression analysis was used to evaluate the association
between total 1gG levels in the umbilical cord blood and IgG transfer ratio
according to serum IgG concentration, pregnancy chorionicity, presence of
abnormal umbilical artery pulsatility index, intra-uterine growth restriction,

gestational age at delivery (GAD), birth weight and placental weight.

Results: Umbilical cord 1gG concentration showed a positive correlation with
serum 1IgG concentration and GAD; levels were significantly lower in
monochorionic compared to dichorionic pregnancies. IgG transfer ratio also
increased with GAD but was inversely correlated with serum IgG concentration

levels.

Conclusions: In twin pregnancies, besides serum IgG concentration and GAD,
chorionicity also influence umbilical cord IgG concentration. Monochorionic

twins have lower IgG cord concentration than dichorionic twins.

Keywords: 1gG concentration, maternal transfer, multiple pregnancy,

immunoglobulins
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Introduction

Twin pregnancies are associated with higher neonatal morbidity than
singleton pregnancies, mainly due to prematurity and low birth weight.?
Neonates, specially the premature ones, are at increased risk of infection due to
an immature immune system.?® Therefore during the first months of life
immunological protection partly relies on maternal IgG antibodies transferred in
utero, through the placenta, to modify and control the severity of neonatal

diseases.?

In singleton pregnancies, IgG transfer ratio increases with gestational
age and is inversely correlated with serum IgG concentration.>® Moreover,
active transport also depends on IgG subclass.”® To the best of our knowledge,
only one study, carried out more than three decades ago, investigated 1gG
concentrations in 50 twin pregnancies and showed that mean IgG levels were
also higher in the umbilical cord than maternal sera. No differences were
observed according to zygosity, however data was not analyzed according to

chorionicity.®

Nowadays, it is well established that chorionicity is an important predictor
of perinatal outcome with higher mortality and morbidity for monochorionic
compared with dichorionic twin pregnancies.®!! As a matter of fact, antenatal
management and surveillance are tailored according to this information
following first trimester ultrasound diagnosis.'? Therefore, this study aims to
investigate factors that correlate with umbilical cord IgG levels in twin

pregnancies, including chorionicity information.
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Material and Methods

This was a prospective study carried out at the Twins Clinic of Hospital
das Clinicas, Sao Paulo University Medical School, Brazil, between May 2012
and November 2013. Institutional ethics committee approved the study

(CAPPesq 0500/11) and all women who participated gave informed consent.

Women with twin pregnancies, negative maternal serology for HIV,
cytomegalovirus, hepatitis B and C, toxoplasmosis, rubella and no autoimmune
diseases and fetal malformations or genetic syndromes were invited to take part

in the study.

Maternal blood sample was collected immediately before delivery and
umbilical artery blood samples were collected from each fetus soon after birth.
Samples were centrifuged and the serum was separated. Total 1gG levels were
determined according to standard automatized turbidimetry protocols, using P
modular Analyser equipment (Cobas C System), Roche. In this
immunoturbidimetric assay, based on immunological agglutination, anti IgG
antibodies react with antigen to form an antigen-antibody complex. After
agglutination, it is measured turbidimetrically. The reagents used were R1
(TRIS buffer) and R3 (Anti-human IgG antibody-goat). The assay type was two-
point end and the wavelength used was 700/340 nm (sub/main). The measuring
range was 300-5000 mg/dL. The expected values for adults are 700-1600
mg/dL and for children 0-1 year are 232-1411 mg/dL. IgG values were

presented as mg/dl

IgG transfer ratio between maternal and fetal compartments was also
calculated for each neonate dividing total umbilical cord IgG concentration by

the total serum IgG concentration multiplied by 100.
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Total IgG concentration and IgG transfer ratio were examined
according to pregnancy chorionicity, umbilical artery Doppler findings, serum
IgG concentration, gestational age at delivery, birthweight and presence of fetal

growth restriction and total placental weight.

Chorionicity was determined by first-trimester ultrasound
examination and/or placental pathology examination in all cases. Doppler
examination of the umbilical artery was performed in a free loop of the umbilical
cord close to the abdominal wall insertion. Abnormal umbilical artery Doppler
was defined as the presence of increased pulsatility index or absent / reversed
end diastolic flow.'®* Doppler results from the last scan performed before
delivery were considered during the analysis. Intrauterine growth restriction was

defined as birth weight below de 10" percentile according to twin charts.'*

Placental weight was obtained soon after birth. In dichorionic
pregnancies, placental weight was defined as the sum of both placentas; in

monochorionic pregnancies, the weight of the unique placenta was considered.

Comparation between numerical variables were performed using Student
T-test for normally distribution and Mann Whitney test for non normally
distribution. Kolmogorov-Smirnov test was used to test the normal distribuion.
Continuous variables were analyzed using Pearson correlation for normally
distribution or Spearman correlation for non normally distribution. Stepwise
multivariate analysis was used to investigate significant predictors of total
umbilical cord IgG concentration and IgG transfer ratio. Statistical analysis was
performed using SPSS 17.0 (SPSS Inc., Chicado, IL, USA). P value < 0.05 was

considered significant.

Results

During the study period 58 women took part in the study. One

monochorionic twin pregnancy was excluded due to a major cardiac defect
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diagnosed after birth. Therefore, a total of 57 maternal and 114 umbilical cord
samples were analyzed. Maternal demographics, pregnancy and delivery
information are summarized in table I. Maternal disease were observed in 18
patients, and two of them had two health problems (hypertension= nine
patients, diabetes= one patient, hypothyroidism= three patients,
thrombocytopenia= one patient, thromboembolic disease= one patient, asthma=

three patients, cardiomyopathy= one patient and epilepsy= one patient).

Univariated analysis in serum 1gG concentrations.

Mean total serum IgG concentration was 824.9 + 204.2 mg/dl (range:
423-1326). Total serum IgG concentrations were not different according to
maternal age (r=-0.07, p= 0.58), parity (r= 0.03, p= 0.79), maternal disease (p=
0.35), smoking habit (p= 0.20), hypertension during pregnancy (p= 0.44),
gestational diabetes (p= 0.36), maternal color (white=793.9, non white= 911.7,
p= 0.055) and type of delivery (p= 0.19).

Univariated analysis in umbilical cord serum IgG concentrations.

Mean umbilical cord IgG concentration was 827.5 + 193.0 mg/dl (range:
273-1352). Total 1gG concentrations in umbilical cord sera were significantly
lower in monochorionic neonates and in neonates presented with abnormal
umbilical artery Doppler during pregnancy. Significant correlations were also
observed with gestational age at delivery, birthweight, placental weight and

serum IgG concentrations.

No white neonates presented higher total IgG cord concentration (White=
801.8 + 192.1, No white= 899.3 £+ 180.0; p= 0.02). Newborns whose mothers
smoked during pregnancy (n= 10) presented lower IgG concentrations
(smokers= 703.4 £ 72.2, non smokers= 839.4 £ 196.9; p= 0.0001).

Total 1IgG umbilical cord concentration were not affected by delivery order
(p= 0.70), maternal age (r= -0.05, p= 0.63), parity (r= -0.016, p= 0.86), maternal
disease (p= 0.25), hypertension during pregnancy (p= 0.21), gestational
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diabetes (p= 0.32), intrauterine growth restriction (p= 0.20), type of delivery (p=
0.62) and gender (p= 0.38).

Univariated analysis in IgG tranfer ratios.

Mean IgG transfer ratio was 104.4 = 29.0 % (range: 45.2-178.2). IgG
transfer ratios were significantly lower in monochorionic twins, increased with
gestational age and birthweight, and had negative correlation with serum IgG
concentrations. IgG transfer ratio was not influenced by placental weight and
umbilical artery pulsatility index. No differences in IgG transfer ratio were
observed regarding delivery order (p= 0.71), maternal age (r= 0.08, p= 0.38),
maternal color (p= 0.60), parity (r= -0.05, p= 0.58), maternal disease (p= 0.97),
smoking habit (p= 0.79), hypertension during pregnancy (p= 0.75), gestational
diabetes (p= 0.07), intrauterine growth restriction (p= 0.54), type of delivery (p=
0.30) and gender (p= 0.19).

Stepwise multivariate analysis.

Multivariate analysis showed that total IgG cord serum concentrations
had a positive correlation with serum 1gG concentration (Fig. 1 a, Table Il) and
gestational age at delivery (GAD) (Fig. 1 b, Table II). Total IgG serum cord
concentration was lower in monochorionic twins. Umbilical cord IgG mean
levels in the monochorionic group (729.2 + 148.8 mg/dl) were significantly lower
compared with dichorionic (884.4 + 193.5 mg/dl; mean difference= 155.6 mg/dl,
95% ClI= 91.5-219.7, p<0.001) (Table Il, Fig. 2). IgG transfer ratio correlated
positively with GAD (Table Il, Fig. 3b) but had a negative correlation with serum
IgG concentrations (Table Il, Fig. 3a).
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Discussion

The present study shows that umbilical cord IgG concentration is higher
in dichorionic compared with monochorionic twin pregnancies and is positively
correlated with serum IgG concentration and gestational age. On the other
hand, 1gG transfer ratio also increases with gestation but is inversely correlated

with serum IgG concentrations.

In singleton pregnancies, serum IgG levels have been shown to
decrease, whereas umbilical cord IgG levels increase with gestational age.® As
a matter of fact, placental IgG transfer starts from 13 weeks onwards and
increases linearly until term, with a substantial increment after 36 weeks.®'®> We
also observed an increase in total IgG umbilical cord concentration and IgG
transfer ratio with increasing gestational age (Figs 1b and 2b). In twin
pregnancies, Bryan et al. observed a significantly higher level of IgG in cord
than in maternal serum. This difference was not observed in our study, possibly
because the earlier mean gestational age at delivery in our population (36.3
weeks) compared to their study (>37 weeks, observing the plotting data).®
Bryan et al. refer mean IgG transfer ratio of 124% while our IgG transfer ratio
was 104,4%; this difference also may be explained by the lower mean
gestational age at delivery in our study population. In singleton pregnancies,
Van den Berg et al. '8 also found 1gG transfer ratio of 67% in preterm neonates
and 134% in term neonates. Therefore, compared to singleton pregnancies the
mean IgG transfer ratio observed in our study has an intermediate value

between the preterm and term values.

Increased IgG transfer ratio with gestational age, despite lower levels of
serum IgG concentration, reflects active transport across the placenta through
Fc receptor-mediated pathways in the syncytiotrophoblast.>'” This transfer
mechanism is limited by receptors saturation.!®1° The fact that gestational age

at delivery influences IgG cord concentration has an important clinical
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implication, because premature neonates may be at a higher risk of infections?°

due to lower IgG cord concentration.??

A positive correlation between total serum IgG concentration and
umbilical cord IgG concentrations has been demonstrated both in singleton and
twin pregnancies.®®?? Bryan et al., in a prospective study involving 50 twin
pregnancies showed that total IgG levels are significantly higher in cord blood
samples compared with serum IgG concentration. However, no differences

were observed between monozygotic and digygotic twins.®

To the best of our knowledge, this is the first study that examines IgG
concentration in twin pregnancies according to chorionicity. Although umbilical
cord IgG concentrations were not significantly different from serum I1gG
concentration, levels were significantly lower in monochorionic pregnancies,
compared to dichorionic. As no differences were observed in IgG transfer ratio,
the best explanation is that lower levels in monochorionic pregnancies are
related to the fact that the amount of immunoglobulin transferred through the
placenta has to be distributed amongst two fetal circulations, which are

connected by placental vascular anastomosis.?

Moreover, findings such as marginal/velamentous cord insertion,
subchorial fibrin deposits, hematomas, areas of infarction, and abnormal villus
maturation are found more frequently in monochorionic pregnancies and may

also contribute to lower levels observed in the fetal circulation.?*

In uncomplicated twin pregnancies, our data show a good correlation and
no significant differences in intrapair 1gG levels, not only in monochorionic, but
also in dichorionic twins. Nevertheless, significant differences between twin
pairs have been reported in three conditions: twin-to-twin transfusion syndrome,
fetal hydrops and congenital hepatic disease, and placenta edema were

suggested as a possible underlying mechanism.?®

Therefore, our findings suggests that chorionicity not only is an important
determinant of pregnancy outcome due to placenta vascular anastomosis
related complications in monochorionic twins, but may also be a determinant

factor for complications in the neonatal period due to lower levels of
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immunoglobulin present in the circulation. As a matter of fact, the interplay
between prematurity and differences in the immune system related to
chorionicity may explain the higher incidence of necrotizing enterocolitis and
sepsis in monochorionic compared with dichorionic twins, observed in previous

studies.10:11.26

In conclusion, in twin pregnancies, total IgG cord concentrations and 1gG
transfer ratio are significantly influenced by serum IgG concentrations and
gestational age. Moreover, IgG cord concentration is lower in monochorionic
pregnancies. Understanding these differences may help tailor twin pregnancy

management to achieve the best perinatal outcome.
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Table I. Maternal characteristics and pregnancy information in 57 twin

pregnancies.

Characteristics Results
White; n (%) 42 (73.7)
Parity; mean (range) 1(0-4)
Chorionicity

Dichorionic; n (%) 36 (63.2)

Monochorionic diamniotic; n (%) 21 (36.8)
Smoking; n (%) 5(8.8)
Maternal diseaser; n (%) 18 (31.6)
Abnormal umbilical artery pulsatility index; n (%) 8 (14.0)
Dichorionic;n (%) 2 (2.8)*

Monochorionic diamniotic; n (%) 6 (14.3)*
Gestational age at delivery; weeks, mean + SD 36.0+1.7

Dichorionic; weeks, mean + SD 36.5+1.7*

Monochorionic diamniotic; week, mean £ SD 35.3+1.6*
Mode of delivery

Cesarean section; n (%) 49 (86.0)
Vaginal delivery; n (%) 8 (14.0)

Birthweight; grams, mean + SD
Dichorionic; grams, mean + SD
Monochorionic diamniotic; grams, mean + SD
Male newborn; n (%)
Placental weight; grams, mean + SD
Dichorionic; mean £ SD

Monochorionic diamniotic; mean = SD

2288.6 + 487.6
2465.6 + 424.0%*
2103.1 + 502.4%**
55 (48.2)
866.5 + 242.3
916.2 + 223.1*
776.9 + 255.11

*p = 0.05; **p = 0.01; **p < 0.001; 'p=0.047

* including hypertension, diabetes, thrombocytopenia, hypothyroidism, thromboembolic

disease, asthma, cardiomiopathy and epilepsy.
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Table Il. Stepwise regression analysis for the prediction of umbilical cord

immunoglobulin G concentration and transfer ratio (umbilical
cord/maternal serum * 100) in 57 twin pregnancies.
coefficient standard *
error
Umbilical cord immunoglobulin G concentration
Constant -1268.51  300.39 <0.001
pregnancy chorionicity 87.24 29.67 0.004
gestational age at delivery 49.50 8.51 <0.001
maternal serum IgG 0.31 007  <0.001
concentration
Immunoglobulin G transfer ratio
Constant -108.21 39.49 0.007
gestational age at delivery 7.97 1.10 <0.001
maternal serum IgG -0.09 0.01 <0.001

concentration

* significance level set at 0.05
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Fig 1. Correlation between umbilical cord IgG concentration (UC) and
maternal serum IgG concentration (MS) and gestational age at delivery
(GA) in 57 twin pregnancies. (a) UC = 513.2 + 0.38 * MS, r=0.40, p<0.001;
(b) UC =-1423.7 + 62.5 * GA, r=0.55, p<0.001.
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Fig 2. Total IgG cord concentration in monochorionic diamniotic (MCDA,
n= 42) and dichorionic (DA; n= 72 ) twins. Monochorionic= 729.2 + 148.8
mg/dl; Dichorionic=884.4 + 193.5 mg/dl; p<0.001.
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Fig 3. Correlation between IgG transfer ratio (TR) and maternal serum IgG
concentration (MS) and gestational age at delivery (GA) in 57 twin
pregnancies. (a) TR = 172.1 - 0.08 * MS, r=-0.58, p<0.001; (b) TR =-133.2 +
6.6 * GA, r=0.39, p<0.001.
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Abstract

Group B Streptococcus (GBS), Klebsiella spp. and Pseudomonas spp. are important
aetiological agents of neonatal infections in Brazil. There is a lack of data in the
literature regarding the specific transport of immunoglobulin G (IgG) against these
pathogens in multiple pregnancies. Maternal (n = 55) and umbilical cord (n = 110)
blood samples were prospectively collected at birth from 55 twin pregnancies. The

factors associated with cord levels and transfer ratios of IgG against GBS, Klebsiella and Pseudomonas were examined.
The IgG umbilical cord serum levels specific to GBS, Klebsiella LPS and Pseudomonas LPS were significantly associated
with maternal-specific IgG concentrations and the presence of diab The anti-Klebsi 1gG cord serum
concentrations were also related to birthweight and the presence of hypertension. The transfer ratios against GBS and
Pseudomonas LPS were associated with maternal-specific IgG concentrations. The transfer ratios for GBS and
Pseudomonas LPS were associated with gestational age at delivery and the presence of diabetes, respectively. None of
the examined parameters were related to Klebsiella LPS transfer ratios. We conclude that in twin pregnancies, specific
maternal IgG serum concentrations and diabetes were the parameters associated with umbilical cord serum 1gG
concentrations reactive with the three pathogens investigated. All the other parameters investigated showed different
associations with neonatal-specific IgG levels according to the antigen studied. There was no uniformity of the
investigated parameters regarding association with placental IgG transfer ratios against the GBS, Pseudomonas LPS
and Klebsiella LPS.
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Abstract

Group B Streptococcus (GBS), Klebsiella spp.and Pseudomonas spp.
are important aetiological agents of neonatal infections in Brazil. There is a lack
of data in the literature regarding the specific transport of immunoglobulin G
(IgG) against these pathogens in multiple pregnancies. Maternal (n=55) and
umbilical cord (n=110) blood samples were prospectively collected at birth from
55 twin pregnancies. The factors associated with cord levels and transfer ratios
of IgG against GBS, Klebsiella and Pseudomonas were examined. The IgG
umbilical cord serum levels specific to GBS, Klebsiella LPS and Pseudomonas
LPS were significantly associated with maternal-specific IgG concentrations and
the presence of diabetes. The anti-Klebsiella IgG cord serum concentrations
were also related to birthweight and the presence of hypertension. The transfer
ratios against GBS and Pseudomonas LPS were associated with maternal-
specific IgG concentrations. The transfer ratios for GBS and Pseudomonas LPS
were associated with gestational age at delivery and presence of diabetes,
respectively. None of the examined parameters were related to Klebsiella LPS
transfer ratios. We conclude that in twin pregnancies, specific maternal 1gG
serum concentrations and diabetes were the parameters associated with
umbilical cord serum IgG concentrations reactive with the three pathogens
investigated. All the other parameters investigated showed different
associations with neonatal-specific IgG levels according to the antigen studied.
There was no uniformity of the investigated parameters regarding association
with placental IgG transfer ratios against the GBS, Pseudomonas LPS and
Klebsiella LPS.
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Introduction

The incidence of multiple pregnancies has increased worldwide.
Compared with singleton pregnancies, twin pregnancies have a worse neonatal
morbidity and higher mortality rate [1]. Therefore, twins have a higher incidence
of admission to intensive care units (ICUs) [2]. Neonates in ICUs have a high
risk of healthcare-associated infections, particularly premature infants and
newborns with low birth weights [3,4]. In developed countries, the most common
aetiological agents are Gram-positive cocci (coagulase-negative staphylococci,
group B streptococci [GBS]), viruses and fungi, while in developing countries,
the most common aetiological agents are Gram-negative enteric rods (E. coli,
Klebsiella spp.), non-fermenters (Pseudomonas spp., Acinetobacter spp.) and
fungi predominate [4]. In a recently published paper examining Brazilian
paediatric patients, Gram-negative bacteria caused 49.9% of nosocomial
infections, followed by Gram-positive bacteria in 42.6% and fungi in 8.4% of

patients [5].

Neonatal immunity depends on the intrauterine acquisition of
immunoglobulin G (IgG) through active transplacental transport mediated by
FcRn receptor [6]. The levels of transport in singleton pregnancies depend on

gestational age, maternal IgG levels and IgG subclass [7-9].

Neonates from multiple pregnancies have a higher risk of prematurity,
ICU admissions and infection [1, 10]. There is a lack of data in the medical
literature regarding the specific transport of immunoglobulins against Klebsiella
spp., Pseudomonas spp. and GBS in multiple pregnancies. Considering this
lack, our objective is to investigate the factors associated with transplacental
transfer of IgG against these agents and their concentrations in the umbilical

cord serum in twin pregnancies.
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Material and methods

Study population

A prospective study was conducted at Hospital das Clinicas, Sao Paulo
University Medical School, Brazil, between May 2012 and November 2013. This
study was approved by the University’s institutional ethics committee (CAPPesq

0500/11), and informed consent was provided by all participants.

The inclusion criteria were women with twin pregnancies, negative
maternal serologies for HIV, cytomegalovirus, hepatitis B and C, toxoplasmosis,
rubella and no evidence of autoimmune disease, foetal malformations or
genetic syndromes. The exclusion criteria were a post-natal diagnosis of
positive results for the infectious diseases mentioned above or newborns with

malformations or genetic syndromes.

Blood samples were collected from the mothers just before delivery and
from the umbilical artery in each twin’'s umbilical cord soon after birth. The

serum was separated, aliquoted and stored at — 80°C until used.

In all cases, chorionicity was determined using first-trimester ultrasound
examination and/or placental pathology examination. Doppler examination of
the umbilical artery was performed on a free loop of the umbilical cord near the
abdominal wall insertion. Abnormal umbilical artery Doppler was defined as the
presence of an increased pulsatility index (PI) or absent/reversed end diastolic
flow [11]. The Doppler results from the last scan performed prior to delivery
were considered during the analysis. Intrauterine growth restriction was defined

as a birthweight below the 10" percentile, according to twin-specific charts [12].

The placental weight was obtained soon after birth. In dichorionic
pregnancies, the placental weight was defined as the sum of both placentas; in

monochorionic pregnancies, the weight of the single placenta was considered.
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Immunoenzymatic assay

Commercial lipopolysaccharides (LPSs) from K. pneumoniae (strain
15380) from the American Type Culture Collection (ATCC) (Sigma, St. Louis,
MO, USA) and from P. aeruginosa serotype 10, strain 27316 from the ATCC
(Sigma) were used. The Department of Culture Collection at the Adolfo Lutz
Institute (S&o Paulo, Brazil) kindly provided the group B Streptococcus strain
that was used (type lll, number H36C, batch 05/85, ref. ATCC 12403).

The levels of IgG antibody specific for Klebsiella and Pseudomonas LPS
were determined using purified LPS (10 pg/ml) in phosphate-buffered saline
(PBS), pH 7.4. The anti-GBS 1IgG levels were determined using a whole-cell
assay, as previously described [13]. Briefly, an overnight culture of GBS grown
in BHI (Brain heart Infusion, Difco) at 37°C was inactivated at 60°C for 1 h,
centrifuged and resuspended in a carbonate-bicarbonate buffer (pH 9.0) to an
optical density (OD) of 0.8 at A=540 nm. A 100-pl aliquot of the suspensions of
the three antigens was added to each well to coat microtiter plates (Costar,
Cambridge, MA, USA). The plates were incubated overnight at 4°C. After
washing with PBS with 0.1% Tween-20 and blocking the plates with 1% skim
milk, maternal and cord serum samples diluted in PBS-NaCl with 10% skim milk
and 0.05% Tween-20 were incubated for 2 h in duplicate at 37°C. After
washing, the plates were incubated with peroxidase-conjugated goat anti-
human IgG (Sigma) for 2 h at 37°C. The reaction was developed with 0.4 mg/ml
ortho-phenylenediamine (Sigma) for 30 min. A normal serum pool that was
previously collected from healthy 18- to 40-year-old blood donors (both sexes)
with negative conventional serologic test results was used as the control. The
absorbances were measured at 492 nm (Multiskan, Labsystems). The anti-
Klebsiella and Pseudomonas LPS and anti-GBS IgG concentrations were
expressed as arbitrary units (AU/ml) and were obtained by comparing the OD

values of the serum pool, which was defined as containing 1000 AU/ml.

The transfer ratio between the maternal and umbilical cord serum

concentrations was calculated for each newborn by dividing the specific 1gG
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concentration in the neonate by the respective specific maternal 19G
concentration and the result multiplied by 100.

The specific IgG concentrations and transfer ratios were analyzed
according to the gestational age at delivery, placental chorionicity, birthweight,
total placental weight, umbilical artery Doppler, maternal age, maternal-specific
IgG antibody concentration, maternal color, maternal disease, history of
smoking, hypertension during pregnancy, diabetes during pregnancy,
intrauterine growth restriction, positive Streptococcus B cultures from vaginal or

rectal swabs and type of delivery.

Statistical analysis

Student’s t-test, Fisher’s test or the non-parametric Mann-Whitney U-test
was used to quantitatively compare the independent variables. Pearson’s and
Spearman’s correlations were used to examine the associations between the
continuous variables. Stepwise multivariate analysis was carried out on the
variables that were significant at the < 5% level in the univariate model to
investigate the significant factors associated with umbilical cord serum I1gG
concentration and transplacental transfer of anti-Klebsiella spp., anti-
Pseudomonas spp. and anti-GBS IgG antibodies. We used the log of the
umbilical cord serum IgG concentration and the transplacental transfer of anti
Klebsiella spp., anti-Pseudomonas spp. and anti-GBS IgG antibodies to perform

the multivariate analysis because these variables were not normally distributed.

Results

Initially, 58 maternal and umbilical cord blood samples were collected
during the study period. One twin pregnancy was excluded from the analysis

due to a cardiac defect in one co-twin. Two pregnancies were excluded due to



64

insufficient amounts of blood collected from the umbilical cord at birth.
Therefore, 55 maternal and 110 umbilical cord samples were analyzed. In one
case, the placental weight was not measured, and the data from this case were

not used in the placental weight analysis.

Maternal demographics, pregnancy and delivery information are

presented in Table 1.

The maternal antibody concentrations, umbilical cord antibody
concentrations and IgG transfer ratios are presented in Table 2

Univariate analysis

The maternal anti-GBS, anti-Pseudomonas spp. LPS and anti-Klebsiella

spp. LPS IgG serum concentrations did not vary in any analyzed parameter.

Table 3 presents the univariate analysis of umbilical cord serum
concentration and transfer ratio of IgG anti-GBS, anti-Pseudomonas spp. LPS

and anti-Klebsiella spp. LPS in relation to all parameters studied.

Stepwise multivariate analysis

Multivariate analysis showed that the umbilical cord serum
concentrations of anti-GBS, anti-Klebsiella spp. LPS and anti-Pseudomonas
spp. LPS IgG antibodies were significantly associated with the specific maternal
IgG concentrations and the presence of diabetes (Table 4; Figs 1-3). The anti-
Klebsiella spp. LPS cord serum IgG concentration was also significantly

associated with the birthweight and presence of hypertension (Table 4).

The IgG transfer ratios for the anti-GBS and anti-Pseudomonas spp. LPS
were associated with the maternal specific IgG concentrations. The gestational
age at delivery was associated with the anti-GBS IgG transfer ratio, while the
presence of diabetes was associated with the anti-Pseudomonas spp. 1gG
transfer ratio (Table 5). None of the investigated parameters were associated

with the anti-Klebsiella spp. IgG transfer ratio.
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Discussion

This study is the first in the literature to investigate the factors associated
with specific IgG antibody transfer in twin pregnancies. In the present study, the
umbilical cord serum concentrations of IgG against GBS and Pseudomonas and
Klebsiella LPS, as well as their transfer ratios, were associated with maternal-
specific antibody concentrations, maternal disease, birthweight and gestational

age. However, each antigen was related to different factors.

Maternal concentrations of specific antibodies against GBS,
Pseudomonas spp. and Klebsiella spp. LPS was positively associated with the
umbilical cord serum concentrations (Fig. 1) and negatively associated with the
transfer ratio of the anti-GBS and anti-Pseudomonas antibodies (Fig. 2). It is
well established that maternal immunoglobulins levels affect their placental
transport [8,9,14,15]. In singleton pregnancies, Nagao et al. [12] and Palmeira
et al. [17] studied the placental transfer of anti-Escherichia coli LPS IgG and
observed a significant correlation between the maternal and cord serum levels.
Lin et al. observed that increased levels of maternal antibodies decreased the
probability of neonatal infection. The authors observed GBS transfer ratios that
were similar to those in the present study [18,19]. Investigating the placental
transfer of IgG against LPS from Klebsiella spp. and Pseudomonas spp.,
Silveira Lessa et al. [20] also demonstrated that the anti-LPS IgG levels in the

cord serum correlated with the maternal concentrations.

We observed that the gestational age at delivery was associated only
with the anti-GBS IgG transfer ratio. In a recent study in twin pregnancies, we
observed that the total IgG cord concentration and transfer ratio were
associated with gestational age [15]. In singleton pregnancies, Lin et al. [18,19]
also found that the transfer ratio anti-GBS IgG increased with the gestational
age. Silveira Lessa et al. [20] observed an association between the gestational
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age and anti-LPS IgG levels against Klebsiella spp. and Escherichia coli LPS
0111 but not against Pseudomonas spp. Van den Berg et al. [21] observed that
polysaccharide specific antibodies had a lower transplacental transfer than
protein specific antibodies. Therefore, these differences may explain the
different transmission patterns for anti-GBS, anti-Klebsiella spp. LPS and anti-
Pseudomonas spp. LPS IgG antibodies [7,16,20].

Our results also show that maternal diabetes had a positive correlation
with the cord serum levels of all investigated antigens (Fig. 3), as well as the
Pseudomonas transfer ratio. Franca et al. [22] investigated the transfer of
immunoglobulins to neonates from mothers with diabetes in singleton
pregnancies and found that the IgG levels in cord serum were higher in
hyperglycemic mothers. Maternal hyperglycemia might facilitate the transport of
IgG across the placenta. Hammes et al. and Kennedy et al. [23,24] have
described higher levels of glycated IgG in the plasma of patients with diabetes.
Glycation could interfere with the binding of IgG to FcRn and alter its transfer

across the placenta.

Birthweight had a positive association with cord serum concentration of
IgG against Klebsiella spp. Okoko et al. [25,26] demonstrated that low
birthweight in singleton pregnancies impairs placental transfer of
immunoglobulins, particularly 1gG1 and 1gG2. According to the authors, this
result could help to explain the high susceptibility of these newborns to

infections caused by polysaccharide-encapsulated organisms [25,26].

In the present study, hypertension was positively associated with the
umbilical cord serum levels of IgG against Klebsiella spp. Chen et al. [27] found
that placentas from hypertensive women showed evidence of
immunopathological damage. IgG transfer depends on placental integrity, which
is impaired in cases in which a placental injury exists, such as malaria [28].
Therefore, our results seem somewhat paradoxical and require further

investigation.

Interestingly, chorionicity was not associated with umbilical cord serum

concentrations or transfer ratios of IgGs against GBS or LPS from Klebsiella
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spp. and Pseudomonas spp., despite our recent finding that chorionicity was

significantly associated with the total cord serum IgG concentration [15].

Because multiple pregnancies have a high risk of prematurity [1] and
premature neonates are at an increased risk of ICU admission and infection
[2,3], it is important to understand how antibodies against the most prevalent
agents of infections in this population are transported transplacentally, as well

as the factors that affect their final concentrations in the umbilical cords of twins.

Our results show that only maternal-specific serum IgG concentrations
and diabetes are associated with umbilical serum IgG concentrations reactive
with GBS, Pseudomonas LPS and Klebsiella LPS. All other parameters
investigated presented distinct relation to umbilical serum IgG concentrations
according to each investigated antigen. None of the parameters investigated
presented the same association with placental IgG transfer ratio against the
GBS, Pseudomonas LPS and Klebsiella LPS.
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Table 1. Population Characteristics.

Characteristics Results
White, n (%) 41 (74.6)
Parity, median (range) 1(0-4)
Chorionicity

Dichorionic, n (%) 35(63.6)

Monochorionic diamniotic, n (%) 20 (36.4)
Maternal smoking history, n (%) 5(9.1)
Pre-gestational maternal disease, n (%) 17 (30.9)
Hypertension during pregnancy, n (%) 11 (20)
Diabetes during pregnancy, n (%) 10 (18.2)
Abnormal umbilical artery pulsatility index, n (%) 7(6.3)
Gestational age of delivery, weeks, meantstandard deviation (SD) 36.1+1.7
Mode of delivery

Cesarean section, n (%) 47(855)

Vaginal delivery, n (%) 8 (14.6)
Birthweight, grams, mean+SD 2305.0+460.0
Male newborn, n (%) 51 (46.4)
Placental weight, grams, mean+SD 876.4+236.1
Streptococcus positive, n (%) 9(17.3)*

* Data analyzed after removing 3 missing values
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Table 2: Maternal serum concentration, umbilical cord serum concentration
and transfer ratio of immunoglobulins against group B Streptococcus,

Pseudomonas spp. LPS and Klebsiella spp. LPS.

lgG anti-

IgG anti- Pseudomonas IgG anti-
Streptococcus B LPS Klebsiella LPS
Maternal serum 438.4 + 417.2 337.3+ 6945 7155+ 1213.0
concentration, mean+SD
Umbilical cord serum 2051 +250.7  280.1+498.7 504.8 +933.9
concentration, meantSD
Transfer ratio, mean+SD 75.1 +24.6 96.7+32.1 84.4 +43.8

LPS, lipopolysaccharide; SD, Standard deviation
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Table 4: Stepwise multivariate analysis of variables associated with
umbilical cord serum concentrations of IgG against group B
Streptococcus, Pseudomonas spp. and Klebsiella spp. in twin
pregnancies

Coefficient ~ ~tandard P
error
Log (lgG anti-group B Streptococcus)
Constant 4.74 0.06 <0.001
Maternal serum concentration 0.001 0.0001 <0.001
Diabetes 0.30 0.11 0.006
Log (lgG anti-Pseudomonas spp. LPS)
Constant 4.34 0.09 < 0.001
Maternal serum concentration 0.001 0.0001 <0.001
Diabetes 0.64 0.19 0.001
Log (IgG anti-Klebsiella spp. LPS)
Constant 3.74 0.38 <0.001
Maternal serum concentration  0.0007 0.00006 <0.001
Diabetes 0.51 0.18 0.006
Birth weight 0.004 0.0001 0.015

Hypertension 0.61 0.18 0.001
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Table 5: Stepwise multivariate analysis of variables associated with IgG

transfer ratio of IgG against group B Streptococcus and Pseudomonas

spp. in twin pregnancies.

Coefficient Standard error P
Log (lgG anti-group B Streptococcus)
Constant 2.26 0.65 < 0.001
Maternal serum
. - 0.0003 0.00007 <0.001
concentration
Gestational age 0.06 0.02 0.001
Log (lgG anti-Pseudomonas spp. LPS)
Constant 451 0.04 < 0.001
Maternal serum
_ - 0.0001 0.00004 0.009
concentration
Diabetes 0.26 0.08 0.002
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Figure 1: Umbilical cord serum concentration (n=110) of anti-group B
Streptococcus (Strepto), anti-Pseudomonas spp. LPS (Pseudo) and anti-
Klebsiella spp. LPS (Kleb) 1gG in relation to maternal 1gG serum
concentrations in twin pregnancies. LPS=lipopolysaccharide
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Figure 2: Transfer ratio (n=110) of anti-group B Streptococcus (Strepto), anti-
Pseudomonas spp. LPS (Pseudo) and anti-Klebsiella spp. LPS (Kleb) IgG in
relation to maternal IgG serum concentration in twin pregnancies (n=55).
LPS= lipopolysaccharide
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Figure 3: Mean and standard error of umbilical cord serum concentration of
IgG (n= 110) against group B Streptococcus, Klebsiella spp. LPS and
Pseudomonas spp. LPS in twin pregnancies (n= 55) with diabetes and no
diabetes. LPS=lipopolysaccharide
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5-Discussao

We have published 2 articles regarding the placental transfer of
immunoglobulins in twin pregnancies. The first article focused on the transfer of
total 1gG, and the second article focused on the transfer of IgGs specific to
Klebsiella spp. LPS, Pseudomonas spp. LPS, and Group B Streptococcus
(GBS).

5.1. First article

In the first article, stepwise multivariate analysis was used to
demonstrate that the concentration of total IgG in cord serum was positively
correlated both with the concentration of total IgG in maternal serum and with
gestational age at delivery (GAD). Dichorionic twins had a higher concentration
of total IgG in cord serum than monochorionic twins. The total IgG transfer ratio
was found to have a negative correlation with the concentration of total IgG in

maternal serum and was positively correlated with GAD.

It is well established in the literature that the concentration of total IgG in
cord serum has a positive correlation with the concentration of total IgG in
maternal serum . van den Berg et al. and Van der Zwet et al. conclude that
the concentration of IgG in maternal serum is the primary determinant of cord
serum concentrations of IgG against varicella-zoster virus, pertussis, diphtheria,
tetanus, Haemophilus influenzae type B and Neisseria meningitidis serogroup C

(27.48) "In a prospective study of 50 twin pregnancies, Bryan and colleagues also
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find a positive correlation between the concentration of total IgG in maternal

serum and the concentration of total IgG in cord serum “0,

However, a negative correlation between the concentration of total IgG in
maternal serum and the total IgG transfer ratio has also been observed. This
phenomenon has been described in several studies 162829 and is explained by

placental receptor saturation, which limits 1gG transfer across the placenta.

There is also significant evidence in the literature that the concentration
of total IgG in cord serum correlates positively with GAD @9, Malek and
colleagues demonstrate a continuous rise in umbilical cord serum
concentrations of IgG in second and third trimester of pregnancy, which
explains that the majority of immunoglobulins are transferred to the fetus during
the last month of pregnancy ®. Several studies report that cord levels of
immunoglobulins against several antigens are lower in preterm versus term
neonates 4254647 The placental transfer of total IgG is also found to have a
positive correlation with GAD. This phenomenon can be explained by the
placental changes that occur during pregnancy. FcRn exist in
syncytiotrophoblast. At early gestacional ages, syncytiotrophoblast covers a
continuous cytotrophoblast layer. As gestation advances, the cytotrophoblast
layer becomes progressively discontinuous, which enables easier transfer of
immunoglobulins from maternal blood into fetal circulation 2. The fact that this
transfer is influenced by GAD is important to explain the high susceptibility of
preterm neonates to infection ?4. Twin pregnancies have a higher incidence of
prematurity compared to single pregnancies. Therefore, twins have a greater
incidence of mortality related to infectious disease ©.

In this paper, we demonstrated that the concentration of total IgG in cord
serum was correlated with chorionicity. This is the first published study that has
addressed this subject. Monochorionic twins had lower concentrations of total
IgG in cord sera compared to dichorionic twins. Considering that chorionicity
was not found to correlate with placental transfer of total IgG, this result is most
likely explained by the distribution of immunoglobulins between the two fetal
circulations, as monochorionic placentas are known to present vascular

anastomosis “®. Monochorionic placentas may also present a higher incidence
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of pathological lesions, such as hematomas, infarction and subchorial fibrin
deposits, which may also impair the transport of immunoglobulins “9).

We also observed a positive correlation in total cord concentrations in
intrapair twins. Bryan also noted a positive correlation between the
concentrations of total IgG in umbilical cord of twins “0.

There is a paucity of data in the medical literature concerning the
influence of chorionicity on neonatal infection. In a large Dutch cohort study of
1305 twin pregnancies, a higher incidence of necrotizing enterocolitis is
observed in monochorionic versus dichorionic neonates; however, no difference
is noted with respect to the incidence of sepsis “%. Domingues et al in a study
with 323 twins, observe a higher incidence of infections (sepsis and necrotizing

enterocolitis) in monochorionic neonates ©9.

The results of this publication have shown that not only GAD and the
concentration of total IgG in maternal serum, but also chorionicity influenced the
concentrations of total IgG in cord sera in twin pregnancies. Twin pregnancies
present a higher incidence of prematurity compared to single pregnancies. The
prevention of spontaneous preterm delivery is difficult, and strategies such as
the use of progesterone and cerclage have not yet been proven to be beneficial
(5152) Moreover, the incidence of iatrogenic preterm births has increased ¢354,
which appears to be a consequence of increasing rates of obstetric intervention
and advancements in neonatal care leading to a decline in fetal and infant
mortality among twins. Changes to the limit of fetal viability is also important and
has been influenced by the use of antenatal glucocorticoid therapy, surfactants
and assisted ventilation ®¥.Here, at the Obstetric Clinic of the Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sdo Paulo (FMUSP),
we follow a policy of delivering monochorionic monoamniotic twins at 34 weeks,
monochorionic diamniotic twins at 36 weeks and dichorionic twins at 38 weeks
of pregnancy. Therefore, it is critical to address the risk of infection in these
high-risk pregnancies to better manage and reduce the morbidity of the
associated newborns, who have a high chance of being born with immature
immune system. Monochorionic twins require special attention because

chorionicity and GAD can both lead to a greater risk of infection.
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5.2 Second article

In our second article, which focused on the placental transport of I1gG
against Klebsiella spp. LPS, Pseudomonas spp. LPS and GBS, the stepwise
multivariate analysis demonstrated that umbilical cord concentration against all
3 antigens were positively related to specific maternal IgG concentration and
the presence of diabetes. The concentration of IgG against Klebsiella LPS in
the umbilical cord was also associated with birth weight and maternal
hypertension. The IgG transfer ratio for IgG against GBS and Pseudomonas
spp. LPS correlated to specific maternal IgG concentrations. Furthermore GAD
was associated with anti-GBS transfer ratio and maternal diabetes was related

to anti-Pseudomonas spp. LPS transfer ratio.

Several publications in the medical literature confirm that the
concentration of IgG in cord serum is strongly correlated with maternal levels of
IgG, as discussed above. Furthermore, several studies also observe that IgG
cord serum concentration against LPS antigens have a robust relation to IgG
maternal serum concentration against specific LPS antigens ©85556.57) The
association between cord serum concentration of anti-GBS and IgG maternal
serum concentration against GBS has also been observed by Suara et al. ®8. A
study by Lin et al. investigated the maternal levels of antibodies against GBS
groups 1A and 3 that would protect neonates against early-onset disease
caused by these pathogens. The authors observe that increasing maternal
levels against these agents decline the probability of neonatal related disease
(3839 Similar values as our transfer ratio of anti-GBS were found by Lin et al.

and Suara et al. (38:39.58),

It is interesting to note that we were unable to observe an influence of
GAD on cord serum concentration against Klebsiella spp. LPS, Pseudomonas
spp. LPS and GBS. In our first publication, we were able to detect an
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association between GAD and the concentration of total IgG in cord serum;
however, other studies that have been published on the transplacental transfer
of LPS antibodies also didn"t observe this association. Nagao et al. note mean
cord serum concentrations of IgG against Escherichia coli LPS 0111 of 2.4 mg/I
in term neonates and 1.5 mg/l in preterm neonates, although no significant
differences were found between these values (p=0.06) ©9. Lessa et al., in a
study of placental transfer of IgG against LPS of Klebsiella pneumoniae,
Escherichia coli and Pseudomonas aeruginosa, observe that maternal
concentrations of 1gG is the only determining factor that affects the cord
concentrations of the homologous anti-LPS IgG species, according to univariate
analysis ©®. The authors additionally note no significant difference in the
concentrations of anti-Klebsiella 1gG in the cord sera of preterm versus term
neonates. They observe lower cord serum concentrations of 1gG against
Pseudomonas LPS in nenoates born at 33-37 weeks of gestation when
compared to those born at term. However, the cord levels concentrations of IgG
against Pseudomonas LPS were statistically similar in term and preterm born <

33 gestational weeks.

In our study, we observed that the transfer ratio of IgG against GBS was
related to GAD. This is in accordance with a previous study by Lin, in which it
was observed that transplacental transfer of immunoglobulins against GBS type
3 is related to GAD. The authors observe that in neonates born at <34
gestational weeks, cord serum levels were only 56% of maternal level; however,
in neonates born at = 34 gestational weeks, the transfer ratio was 76% of

maternal levels 39,

Notably, IgG1 is the most prevalent IgG subclass in human sera and is
also the type of IgG most frequently transferred across the placenta (7:18:19.59),
Therefore, we can assume that the most prevalent subclass of total 1gG is 1gG1.
Conversely, immune responses against GBS are primarily exerted through
IgG2, whereas exposure to LPS bacteria primarily stimulates the production of
IgG1 and IgG2 (1617.2021) '|gG2 crosses the placenta less efficiently than other
IgG classes, reflecting its low affinity for FcRn 71819 Malek et al. observe that

concentrations of all of the subclasses of IgG increase over the course of a
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pregnancy, although 1gG2 has the lowest increase compared with other
subclasses 823, van den Berg et al. notice that LPS immunoglobulins have a
lower rate of placental transfer that proteins-specific antibodies “®). They also
observe that the placental transfer of antibodies specific to polysaccharide-
based vaccines is less influenced by gestational age of delivery than is the
transfer of antibodies specific to protein-based vaccines “9. These differences
could potentially explain the varying influence of GAD on total IgG
concentrations and on the concentrations of IgGs against Klebsiella spp. LPS,

Pseudomonas spp. LPS and GBS.

In our study, we did not find any association between maternal GBS
colonization status and IgG cord serum concentration against GBS. Suara also

reached the same conclusion in a Gambian study ©®.

Our results have also demonstrated that the presence of diabetes was
positively associated with cord serum concentrations of IgG against GBS,
Pseudomonas spp and Klebsiella spp and also with Pseudomonas transfer
ratio. To the best of our knowledge, the association between diabetes and the
concentration of immunoglobulins in cord serum has only been previously
observed by Franca et al. ®. In this study, the transfer of maternal immunity to
neonates of diabetic mothers was examined. The results indicated that levels of
IgG in maternal serum are lower in hyperglycemic mothers. It was further
observed that the concentration of IgG in the cord sera of neonates born to
diabetic mothers is higher than in the cord sera of neonates born to
normoglycemic mothers. Nevertheless, in our study, the presence of diabetes
was not associated with total IgG concentration in either maternal serum or cord
serum. In our study, there was only a subset of 10 mothers with diabetes in a
population of 55 women (18,1%), whereas in the Franca study there were 20
diabetic women in a study of 40 patients (50%). Some authors have described
an increased level of glycated IgG in diabetic patients 162, The glycation of a
protein occurs through a spontaneous reaction in which reducing sugars
become bound to the protein ®Y. Kennedy et al. hypothesized that glycation
may involve both the Fab as the Fc portion of the antibody ©®%. Because no
impact was noted by the presence of diabetes in the concentration of total IgG
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in cord serum, but impact was noted in cord serum concentrations of IgG
antibodies against GBS, Pseudomonas spp. LPS and Klebsiella spp. LPS, we
hypothesize that diabetes induces a preferential shift toward favoring IgG2,
which interferes with its ability to bind to Fc Receptor and leads to enhanced

placental transfer.

A notable example of an immunoglobulin modification that enhanced
placental transfer was published by Einarsdottir et al. The four subclasses of
IgG are named based on their decreasing abundance in adult serum. The
primary reason for low serum concentrations of Ig3 in adults is due its short
half-life of 7 days, compared to 21 days for other subclasses. Einarsdottir et al.
demonstrate that the shorter half life of 1gG3 is related to its decreased ph
dependent-binding of FcRn, which is caused by a changing of a histidine into an
arginine at position 435 in the 1gG- Fc tail of IgG3. IgG3 allotypes that express a
histidine at this position have a half-life equal to that of IgG1 €364 This allotype
is also transported across the placenta as efficiently as IgG1. Therefore, we
hypothesize that IgG2 undergoes some type of molecular transformation that is
associated with maternal diabetes, which causes it to be preferentially

transported across the placenta.

We observed that birthweight had a positive influence on the cord serum
concentration of IgG anti-Klebsiella spp. LPS. This is in agreement with Okoko
et al., that observe that low birth weight decreases the placental transfer of IgG
against Haemophils influenzae and Pneumococcus pneumoniae in a Gambian
population @?®. They also observe that the placental transfer of IgG1 and 1gG2
are impaired in neonates with low birth weight “”, which could explain their

susceptibility to polysaccharide- encapsulated organisms “7.

Our results also showed that hyperptension was positively associated
with IgG cord serum concentrations againts Klebsiella spp. LPS. This finding
seems paradoxical, as placental transfer of immunoglobulins depends on
placental integrity. Reduced placental transfer has been described in situations
when placental abnormalities exists, for reasons such as malaria infection,
fetofetal transfusion syndrome, hydrops fetalis and congenital hepatic disease

(30.316566) Chen et al. observe an immunopathological damage in placental villi
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blood vessels of hypertensive women ©7). Therefore, this subject demands

further investigation.

It is important to study the transfer of immunoglobulins that are against
the most prevalent pathogens that causes neonatal infections in twin
pregnancies. In comparison to total IgG, we observed that different factors
affected the cord serum concentrations and transfer ratios of immunoglobulins
against Klebsiella spp. LPS, Pseudomonas spp. LPS and GBS. This most likely
reflects the most common IgG subclass implied in the immune response against
these antigens and the varying affinities that these immunoglobulins possess for
FcRn. Maternal serum concentration of immunoglobulins against these specific
antigens and the presence of maternal diabetes were the two most common
factors associated with active placental transport of immunoglobulins against
the above-listed antigens, as they were associated with the cord serum
concentrations against all of the above listed pathogens. The concentration of
IgG in maternal serum was found to be correlated with the placental transfer of
antibodies against GBS and Pseudomonas spp. LPS, whereas the presence of
diabetes was only correlated with the placental transfer of Pseudomonas spp.
LPS. Gestational age was exclusively correlated with the placental transfer of
IgG against GBS. The cord serum concentration of IgG against Klebsiella spp.
LPS was also positively influenced by birth weight and maternal hypertension.
None of the parameters investigated correlated with the placental transfer of
immunoglobulins against Klebsiella spp. LPS.

5.3 Practical contribution of studies on placental transport of

immunoglobulins and future directions

5.3.1 Maternal vaccination

A thorough understanding of IgG placental transport is important for the

development of vaccines that can be used in pregnant women to protect
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newborns. The rationale behind maternal immunization is based on the
potential benefit that the acquisition of maternal antibodies may offer a neonate
in terms of modifying the severity of neonatal disease ©®. The agents that can
cause infections during the first days of life before active immunity can be
induced are excellent candidates for the strategy of maternal immunization ©9,
Maternal immunization can protect both the mother and the neonate against
infection ©®, The efficacy of a vaccine depends on several factors, such as the
concentrations of specific IgGs in maternal serum, the concentration of total IgG
in serum, the type of vaccine, the timing of vaccine administration during
pregnancy, the gestational age of the neonate at birth, the IgG subclasses that

are involved in the maternal immune response, and placental integrity 5 68),

As expected, there is a correlation between the IgG concentrations of
maternal and cord sera. However, mothers who have high concentrations of
total 1gG in their serum may have an impairment of IgG placental transfer due to

saturation of FcRn (9,

Vaccines that induce high 1gG concentrations, especially of IgG1, lead to
better placental transfer of immunoglobulins, as IgG1l is more efficiently
transferred through the placenta than 1gG2 8. Vaccines composed of protein
antigens, such as tetanus toxoid, predominantly induce IgG1 and IgG3 immune
responses and are therefore better transferred than vaccines against
polysaccharide antigens, which primarily elicit an 1gG2 response . Therefore,
vaccines that contain capsular polysaccharides antigens conjugated to protein
carriers have been developed and have been shown to evoke a more robust
IgG1 response 9. For example, Haemophilus influenzae type B (Hib)
polysaccharide conjugate vaccines have a good placental transport and
maternal antibodies circulate in neonatal serum for a duration of at least 2
months %, Conjugated vacines for type 3 capsular polysaccharide GBS with

tetanus toxoid are also efficiently transported across the placenta 9.

The timing of vaccine administration is also important. Placental transfer
of 1gG is greater in the third trimester of pregnancy. The highest levels of
transfer are achieved when mothers are vaccinated at least 4 weeks before

delivery ®®. 1gG cord levels against Hib are lower in neonates born to mothers
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who were immunized prior to pregnancy versus mothers who were immunized
during their third trimester. Premature neonates receive lower levels of maternal

immunoglobulins ©®.

Placental integrity influences the transport of immunoglobulins. HIV and
malaria have both been associated with an impairment of the placental
transport of IgG against tetanus, Haemophilus influenzae B and measles ©®.

One concern regarding maternal immunization is related to the potential
suppression of neonate immunological responses due to the presence of
maternal immunoglobulins. This phenomenon was described in some studies
concerning measles, tetanus and whole cell pertussis ®®. However, data
conflict regarding this subject, and the effect of maternal antibodies on infant
immune response appears to depend on the type, dose and schedule of a given
vaccine 9, A collection of studies found that vaccinating a mother with the Hib
conjugate vaccine or the diphtheria, tetanus and acellular pertussis vaccine
(DTaP) did not affect the immune response of the infant at 1 year 39, High
concentrations of maternal antibodies at birth modestly and transiently impaired
infant response to active immunization against Hib at 2 months, but not at 6
months ©®. Although the persistence of maternal immunoglobulins may
prejudice the infant immune response, the effect seems to be temporary, and
the administration of repeated doses of a vaccine is usually sufficient to
overcome this issue 1®. Therefore, a reduced response to immunization may be

acceptable in exchange for reducing morbidity during the first months of life "9,

The administration of vaccines that are used worldwide, such as those
against tetanus toxoid and trivalent inactivated influenza virus, is a routine
aspect of prenatal care. Others, such as pneumococcal polysaccharide vaccine,
meningococcal polysaccharide vaccine and hepatitis A and B vaccines, are
recommended only in special circumstances 6%,  Several studies have
demonstrated higher cord sera concentrations of immunoglobulins in neonates
of mothers who were immunized against influenza and DTaP compared to
unvaccinated mothers @, The monovalent HIN1 vaccine that was

administered in 2009 has reduced the cases of influenza in both mothers and
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infants 9. The safety of maternal vaccination has been demonstrated with

respect to numerous vaccines, such as DTaP and influenza (79,

Several new vaccines against GBS, respiratory syncytial virus and

cytomegalovirus are being developed (9,

GBS is an important cause of neonatal infections across the globe.
Currently, the prevention of early onset GBS infection is based on the
administration of intra-partum prophylactic antibiotics. However, this strategy
has no impact on late onset disease and can increase the risk of maternal
anaphylaxis and the development of antibiotic resistance 9. A vaccine against
GBS could prevent these problems, and a phase 2 study on a GBS vaccine has

already been completed ).

| believe that neonatal infection prevention via maternal vaccination
should be highly considered for women who are pregnant with twins. Multiple
pregnancies have a high incidence of prematurity and therefore present high
rates of infection and high degrees of morbidity and mortality. Indeed,
prematurity affects several organ systems, including the respiratory,
gastrointestinal, immunological, auditory, ophthalmic and central nervous
systems. Several strategies have been used to improve the survival of and
decrease the morbidity in premature neonates, such as the administration of
antepartum corticosteroids, mechanical ventilation, the use of surfactants and
antibiotics, blood cell transfusion, and admission to neonatal intensive care
units. The most important actions that are performed by obstetricians in
preventing prematurity are delaying delivery (via the suppression of
contractions) for long enough to permit the use of antenatal steroids and
transferring mothers to tertiary hospitals as required. Our results have shown
that monochorionic twins are under special risk because their concentrations of
total IgG in cord sera are lower than in dichorionic twins. Therefore, maternal
immunization against pathogens that can cause early onset infectious diseases

should be recommended early on in the third trimester of pregnancy.
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5.3.2 Immunoglobulin use in mothers with primary immunodeficiency

Women with primary humoral deficiency diseases depend on the
administration of exogenous immunoglobulins to prevent recurrent infections.
As placental transfer of IgG is dependent on maternal serum levels of 1gG, the
neonates of these mothers are at a high risk of infection. Palmeira et al.
investigating the administration of intravenous 1gG to mothers with Common
Variable Immunodeficiency (CVID) find that exogenous immunoglobulins have a
similar pattern of placental transfer as endogenous antibodies. They note higher
concentrations of total IgG in cord sera of term neonates than in maternal sera.
They also note preferential placental transfer of IgG1, IgG3 and IgG4 to IgG2.
Likewise, a preferential transfer of anti-protein 1gG is observed relative to anti-
polysaccharide 1gG 620, Therefore, the administration of immunoglobulins to
mothers with primary humoral deficiencies can protect both women and their

neonates and should therefore be highly recommended.

5.3.3 Mothers with autoimmune diseases

Auto-immune diseases are prevalent in 5-8% of the population @, 1gG
autoantibodies that can potentially cause damage to tissues and organs can
also be transferred across the placenta. This phenomenon has been observed
in mothers with Systemic Lupus Erythematosus (SLE), pemphigus, myasthenia
gravis, epidermolysis bullosa, antiphospholipid syndrome and autoimmune
thrombocytopenia 9. In SLE, the Ro/SSA and LA/SSB autoantibodies can
be transferred across the placenta and cause Neonatal Lupus Erythematosus.
In these neonates, congenital heart blockages, skin injuries, hepatobiliary
diseases and hematologic abnormalities can all be present. With the exception
of cardiac blockage, the remaining symptoms typically disappear following the

removal of maternal autoantibodies from neonatal circulation 5%, A promising
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therapeutic strategy for the treatment of IgG mediated autoimmune diseases is
the inhibition of FcRn using high doses of innocuous immunoglobulins, which
would decrease the placental transfer of antibodies through the saturation of the
receptor and also cause an increase in IgG degradation %19, Indeed, using a
mouse model of pemphigoid, Li et al. successfully demonstrated that
administration of high doses of immunoglobulins resulted in a dilution of
pathogenic antibodies and prevented disease (/?. However, this approach may
also decrease the maternal transfer of protective immunoglobulins. Therefore,
more specific therapies are under investigation, such as the development of
therapeutic antibodies (3,

5.3.4 Placental transfer of therapeutic immunoglobulins

Therapeutic immunoglobulins are nondestructive immunoglobulins that
should be able to block antigen binding while retaining the ability to bind FcRn
("3, Therefore, in order to control fetal disease caused by pathogenic maternal
IgG, the administration to the mother of this nondestructive IgG that retains the
ability to cross the placenta and shares the specificity of the pathogenic
antibody is a good strategy. In this respect, Mathiesen et al. have developed an
immunoglobulin without effector functions that was demonstrated to have a
placental transport rate similar to IgG1 ®. Similar therapeutic immunoglobulins
could be used to treat a wide range of diseases, such as hemolytic disease of
the fetus and newborn, which is caused by maternal anti-D antibodies.The
current treatment for this disease involves intrauterine transfusion of compatible
donor blood into the umbilical cord vein. Intravenous administration of the above
described novel therapeutic immunoglobulin to the mother would be a safer
approach and could potentially be used to treat the rare cases of hemolysis that
occur at very early gestational ages when intrauterine transfusion is not
possible due to the tiny dimensions of fetal veins ("®. Furthermore, specific
therapeutic molecules designed only for the fetus could be transferred to the

fetus via FcRn, such as drugs that are linked to the IgG-Fc domain @,
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5.3.5 Future contributions of our study

| believe that the most important conclusions of our study are the
observation that chorionicity was associated with the concentration of total 19G
in cord serum and that, in twin pregnancies, a positive correlation existed
between maternal diabetes and the cord serum concentrations of antibodies

against GBS, Pseudomonas spp. LPS and Klebsiella spp. LPS.

Our study was the first to address the association between chorionicity
and the concentration of total IgG in cord serum. Monochorionic twins had lower
concentrations of total IgG in cord sera than dichorionic twins. This could be a
disadvantage, as it might increase the risk of infection. Furthermore,
monochorionic twins are born prematurely and GAD is another factor that
correlates with total IgG cord serum concentration. Therefore, special attention
and additional surveillance for infection are required for these neonates.
Maternal vaccination may represent an effective strategy for protecting these
neonates against early infections. Although the highest placental transfer of IgG
occurs during the last month of pregnancy, the higher maternal concentrations
of IgG that are induced by maternal immunization could help to increase their

concentration of total IgG in cord serum at birth.

In our study, we observed a positive correlation between maternal
diabetes and cord serum concentrations of IgGs against GBS, Pseudomonas
spp. LPS and Klebsiella spp. LPS. To the best of our knowledge, ours is the
second study to investigate the association between maternal diabetes and the
concentration of IgG in cord serum. Franca et al. observed that hyperglycemia,
which was present in 50% of their study population, positively influenced the
concentration of total IgG in cord serum. Similar findings were not observed in
our study population. However, we did find a positive association between
maternal diabetes, which was present in 18% of our study population, and cord
serum concentrations of IgGs against GBS, Pseudomonas spp. LPS and
Klebsiella spp. LPS. Therefore, | believe that diabetes can induce preferential

transfer of 1IgG2 across the placenta. Among the subclasses of IgG, 1gG2 has
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the lowest rate of placental transport. This is a subject that deserves further
study, as understanding the details behind these observations could help
elucidate the mechanism behind the inefficient transfer of IgG2. Such
knowledge could be used by the pharmaceutical industry to develop new
innovations, such as the development of better vaccines against LPS antigens
or the engineering of immunoglobulins with prolonged half-lives that could

increase humoral immunity.
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6-CONCLUSOES

- O valor médio de IgG total em gestacdes gemelares foi de 827,5 +
193,0 mg/dL.

- A concentracdo de IgG total em corddo umbilical em gestacdes
gemelares apresentou correlacdo positiva com a concentracéo total de IgG no

sangue materno e com a idade gestacional do parto.

- A concentracdo de IgG total em corddo umbilical de gestacbes
gemelares foi significativamente menor em gestagcdes monocoridnicas quando

comparadas as dicoriénicas.

- A taxa média de transferéncia de 1gG total em gestacdes gemelares foi
de 104,4 + 29,0 %. Essa taxa apresentou uma correlacao positiva apenas com
a idade gestacional de nascimento, e uma correlacdo negativa apenas com 0s

niveis maternos séricos de IgG total.

- As concentracfes médias de IgG contra o Streptococcus do grupo B e
as LPS de Klebsiella spp. e de Pseudomonas spp. em corddo umbilical de
gestacdes gemelares foram de 295,1 + 250,7, 504,8 £ 933,9 e 280,1 + 498,7

UA/mI respectivamente.

- As concentracdes de IgG contra o Streptococcus do grupo B e as LPS
de Klebsiella spp. e de Pseudomonas spp. em cordao umbilical de gestagdes
gemelares apresentaram uma correlacédo positiva com o0s niveis de anticorpos
maternos séricos especificos para cada antigeno e com a presenca de

diabetes materno.
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- A concentracdo de IgG contra a LPS de Klebsiella spp. também
apresentou associagcado positiva com o0 peso de nascimento e a hipertensao

materna.

- O status da colonizacdo materna por Streptococcus B nao se
correlacionou com as concentrac¢des de IgG contra o Streptococcus do grupo B

e as LPS de Klebsiella spp. e de Pseudomonas spp..

- As taxas médias de transferéncia de IgG contra o Streptococcus do
grupo B e as LPS de Klebsiella spp. e de Pseudomonpas spp. foram de 75,1 +
24,6, 84,4 + 43,8 e 96,7 £ 32,1 % respectivamente. As taxas de transferéncia
de IgG contra o Streptococcus do grupo B e a LPS de Pseudomonas spp.
foram influenciadas pela concentracdo materna especifica de cada antigeno.
As taxas de transferéncia de IgG contra o Streptococcus do grupo B e a LPS
de Pseudomonas spp. foram também influenciadas pela idade gestacional de

nascimento e pela presenca de diabetes respectivamente.
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/-Anexos

Anexo A

Hospital das Clinicas da FMUSP
Comissao de Etica para Analise de Projetos de Pesquisa
CAPPesq

N° Protocolo: 0500/11

Titulo: TRANSFERENCIA DE ANTICORPOS EM GESTACOES MULTIPLAS

Pesquisador Responsdvel: Adolfo Wenjaw Liao

Pesquisador Executante: Sonia Christina Leme Stach

Co-autores: Vera Licia Jornada Krebs, Werther Brunow de Carvalho, Ana
Lucia Silveira Lessa-Margues, Simone Corréa da Silva, Patricia Palmeira, Profa.
Magda Cameiro-Sampaio, Maria de Lourdes Brizot, Marcelo Zugaib

Finalidade Académica: N&do envolve obfencc‘_:o de titulo académico
Departamento: OBSTETRICIA E GINECOLOGIA

A ComissGo de Etica para Andlise de Projetos de Pesquisa -
CAPPesq da Diretoria Clinica do Hospital das Clinicas da Faculdade de
Medicina da Universidade de S@o Paulo, APROVOU / TOMOU CIENCIA na

sessdo datada de 28/09/2011 o protocolo acima.

A CAPPesg em obediéncia & Resolugdo CNS 196/96, solicita ao

pesquisador (a) s elaboracdo de relatério parcial e final.

No caso de relatdrio parcial € necessdrio informar o tempo
previsto para a conclusGo do protfocolo e breve resumo dos resultados

obtidos.
CAPPesq, 28 de Setembro de 2011

(S (R / A
L (e
PROF. DR. EUCLIDES AYRES DE CASTILHO
Coordenador
ComissGo de Etica para Andlise de
Projetos de Pesquisa - CAPPesq

Rua Dr_Ovidio Pires de Campos, 225 - Predio da Administracao - 5° andar - CEP 05403-010 - Sao Paulo - SP.
Fone 55 11 3069-6442 ramais 16, 17, 18 e 20 - e-mail. cappesq@hcnet. usp.br



Anexo B

e Hospital das Clinicas da FMUSP
l& Comissac de Etica para Analise de Projetos de Pesquisa
LG LTS CAPPGSQ

N° Protocolo: 0500/11

Titula: TRANSFERENCIA DE ANTICORPOS EM GESTACOES MULTIPLAS
Pesquisador Responsavel: Adolfo Wenjaw Liao

Pesquisador Executante: Sonia Chrsfna Leme Stach
Departamento: OBSTEIRICIA E GINECOLOGIA

A Comissic de ftico pora Andise de Pojelos de Pesquisa -
CAPPesq da Cirerorio C'nica do bespital dos Cinicas ¢a Facudade ce Mesicno
da Unversidade de Sdc Poulo, APROYOU / TOMOU CIENCIA ra sessdic datede ds

T¥/08/2013. coig) documentos| chaixo menconcdols):

*Carta datado de 14/03/2013 - Relatorlo parclal e Inclus@o da Profa. Dra, Rossana
Pulcineli Vieira Francisco e Dra. Renata de Aradjo Monteire Yoshida

*Carta datada de 06/06/2013 - Subprojeto que serd tese de mestrado da Dra.
Renata de Araljo Monleiro Yoshida com o titulo "Evolugd@o necnatal e perfll dos
anticorpos anti-Streptococcus B, anh-LPS de Klebsiella e Psevdomonas e IgA em
gémeos”, tende como orientadora a Profa. Dra. Vera licle Jlomada Krebs -
Subprojeto que serd tese de doutorado da Dra. Sénia Christina Leme Stach com o
titulo “Transferéncia Transplacentérla de anticorpos em gestagdes gemelares”,

tendo como orientadora a Profa. Dra. Marla de Lourdes Brizot

CAPPesq. 25 ce Junboae 20 3

MM*/W

PROF. DR. ALFREDO JOSE MANSUR
Vice Coordenador
Comiss@o de Etlca para Andllse de

Projelos de Pesquisa - CAPPesq

Rua Lr. Oviddio Pires de
511 26

540310 Sao Pauln - 82
hz.fm.uap.or

: Campos, 22 - Precin da AZmIniEtacan - § a-car (D
61-758% - 55 11 2B81-B442 rarnais: 6, 17, |8 | marcin.carvalh,

D)
2
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Anexo C
ree Hospital das Clinicas da FMUSP
Lb Comisséo de Etica para Analise de Projetos de Pesquisa

CAPPesq

Ao

Departamento de Obstetricia e Ginecologia

A Comissdo de Etica para Andlise de Projetos de
Pesquisa-CAPPesq da Diretoria Clinica do Hospital das Clinicas da
Faculdade de Medicina da Universidade de S&o Paulo, APROVOU na
sessdo datada de 19.06.13 a execucdo do subprojeto infitulado:
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Anexo D

HOSPITAL DAS CLINICAS DA FACULDADE DE MEDICINA DA
UNIVERSIDADE DE SAO PAULO-HCFMUSP

MODELO DE TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

DADOS DE IDENTIFICACAO DO SUJEITO DA PESQUISA OU RESPONSAVEL LEGAL

L NOIME: et —h e e et

DOCUMENTO DE IDENTIDADE N ..o sexo: MOFO

DATA NASCIMENTO: ......../occccc......

N Y={ =T =(o] 0 N NO e, APTO: oo,
BAIRRO: ..o CIDADE .o,
(1= = T TELEFONE: DDD (............ ) ISV

2. RESPONSAVEL LEGAL ...oouiuiiiitiieiete ittt st es st et sa st st st tese s ene s e
NATUREZA (grau de parentesco, tutor, curador etc.)

DOCUMENTO DE IDENTIDADE ... SEXO: M Ord

DATA NASCIMENTO.: ...... l..... l......

ENDEREQCO: ..ottt NO APTO: e,
BAIRRO: ..o CIDADE: ... e
CEP: o TELEFONE: DDD (............ et

DADOS SOBRE A PESQUISA

1. TiTULO DO PROTOCOLO DE PESQUISA: TRANSFERENCIA MATERNA DE ANTICORPOS EM
RECEM NASCIDOS DE GESTACOES MULTIPLAS

PESQUISADOR : Dr Adolfo Wenjaw Liao

CARGO/FUNGAO: médico-docente INSCRIGAO CONSELHO REGIONAL N° 84.880

UNIDADE DO HCFMUSP: Clinica Obstétrica do Hospital das Clinicas da FMUSP

3. AVALIACAO DO RISCO DA PESQUISA:

RISCO MiNIMO X RISCO MEDIO [

RISCOBAIXO [ RISCO MAIOR [

4.DURACAO DA PESQUISA : 2 (dois) anos
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HOSPITAL DAS CLINICAS DA FACULDADE DE MEDICINA DA
UNIVERSIDADE DE SAO PAULO-HCFMUSP

A senhora estd sendo convidada para participar da pesquisa
“TRANSFERENCIA MATERNA DE ANTICORPOS EM RECEM NASCIDOS DE
GESTACOES MULTIPLAS “. O objetivo deste estudo é estudar a transferéncia

de anticorpos entre as maes e as criancas em gestacdes gemelares.

As gestacOes gemelares sao consideradas de alto risco por
apresentarem uma maior chance de complicacbes tanto para a mée como
para os bebés. Dentre essas complicacfes ha o risco de parto prematuro , o

que aumenta as chances de infecgbes nos recém-nascidos.

Anticorpos séo proteinas produzidas pelo nosso sistema de defesa que
nos protegem contra as infeccbes. Estudos realizados com mulheres que
apresentavam uma gestacdo com um unico bebé mostraram que as maes que
apresentavam altas taxas de anticorpos contra bactérias normalmente
causadoras de infec¢cdes nos bebés, tiveram os seus bebés protegidos contra
estas infeccdes. Nao existem estudos sobre este assunto com gestacées
gemelares. Assim, o objetivo desta pesquisa € analisar como 0s anticorpos
maternos passam para os bebés em gestacbes gemelares e o0 quanto isto 0s

ajudaria a se protegerem contra infeccdes.

Para isto, nas pacientes que aceitarem participar deste projeto sera
coletado uma amostra de sangue em veia periférica quando elas internarem no
centro obstétrico do Hospital das Clinicas para realizacdo do parto.
Aproveitaremos a mesma punc¢ao que seria realizada para infundir fluidos no
seu organismo, durante a anestesia, portanto ndo sera necessaria puncao

adicional para a coleta do sangue.

Apds o nascimento dos seus filhos sera também coletado uma amostra
de sangue de cada um dos corddes umbilicais e também serdo retiradas

amostras das placentas para serem analisadas. Uma amostra de colostro (o
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leite) também sera coletado no bercario nas primeiras 72 horas apds o parto
por ordenha manual. Nestas diferentes amostras serdo entdo determinadas a

guantidade de anticorpos existentes.

Vocé ndo terd nenhum beneficio direto na participacdo no estudo.
Entretanto, os conhecimentos obtidos podem vir a ser Uteis futuramente na

prevencao e tratamento de infeccbes em bebés gemelares.

Em qualquer etapa do estudo, vocé terd acesso aos profissionais
responsaveis pela pesquisa para esclarecimento de eventuais duvidas. O
principal investigador € a Dr Adolfo Liao que pode ser encontrado na Clinica
Obstétrica, 10° andar, Instituto Central, Hospital das Clinicas - Av Dr Enéas de
Carvalho Aguiar 255, de 22 a 62 feira, das 08 as 12horas; telefone: 11 3069
6209.

Se vocé tiver alguma consideracao ou duvida sobre a ética da pesquisa,
entre em contato com o Comité de Etica em Pesquisa (CEP) — Rua Ovidio
Pires de Campos, 225 — 5° andar — tel: 3069-6442 ramais 16, 17, 18 ou 20,
FAX: 3069-6442 ramal 26 — E-mail: cappesqg@hcnet.usp.br

Assim vocé concordard em ceder uma amostra de seu sangue, uma
amostra do sangue dos cordBes de seus bebés, amostras de placenta e de
colostro para serem usadas nesta pesquisa e vocé também autorizara a guarda

deste material para estudos futuros relacionados.

E garantida a liberdade da retirada de consentimento a qualquer
momento e deixar de participar do estudo, sem qualquer prejuizo a
continuidade de seu tratamento na Instituicdo. Todas as informacgdes obtidas
serdo analisadas em conjunto com outros pacientes, ndo sendo divulgado a

identificacdo de nenhum paciente.

N&o ha despesas pessoais para o participante em qualquer fase do
estudo, incluindo exames e consultas. Também ndo ha compensacéo

financeira relacionada a sua participacdo. Se existir qualquer despesa

adicional, ela sera absorvida pelo orcamento da pesquisa.
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Acredito ter sido suficientemente informada a respeito das informacdes
que li ou que foram lidas para mim, descrevendo o estudo ” TRANSFERENCIA
MATERNA DE ANTICORPOS EM RECEM-NASCIDOS DE GESTACOES
MULTIPLAS”.

Ficaram claros para mim quais sdo o0s propositos do estudo, os
procedimentos a serem realizados, seus desconfortos e riscos, as garantias de
confidencialidade e de esclarecimentos permanentes. Ficou claro também que
minha participacdo é isenta de despesas e que tenho garantia do acesso a
tratamento hospitalar quando necessario. Concordo voluntariamente em
participar deste estudo e poderei retirar 0 meu consentimento a qualquer
momento, antes ou durante o mesmo, sem penalidades ou prejuizo ou perda
de qualquer beneficio que eu possa ter adquirido, ou no meu atendimento
neste Servigo.

Data / /

legal

Assinatura da testemunha Data / /

(para casos de pacientes menores de 18 anos, analfabetos, semi-analfabetos

ou portadores de deficiéncia auditiva ou visual)

Declaro que obtive de forma apropriada e voluntaria o Consentimento Livre e
Esclarecido deste paciente ou representante legal para a participagao neste

estudo.

Assinatura do responsavel pelo estudo Data / /
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Anexo E

Projeto: Transferéncia transplacentaria de Anticorpos em Recém-
Nascidos de Gesta¢gdes Multiplas

Instrumento de Coleta de Dados

Data e Hora do processamento da placenta:

Nome:

Idade SILOG: RG-HC
Cor: Branca ( )Parda( ) Negra ( ) Amarela ( )
___ Gesta ___ Para _____Aborto
Doengas/Antecedentes

Dados da Gestacao

DUM: 12 USG: DATA IG

IG definitiva: DUM ( ) / 1°2USG( )

Corionicidade:

Medicamentos durante a gestacao:

Fumo ndo ( ) sim ()

Alcool ndo ( ) sim( )

Drogas ilicitas ndo( ) sim( )

Hipertensdo durante a gestacgdo: ndo( )sim( )
Rastreamento de diabetes: ndo( )sim( )

Uso de corticoide antes do parto: ndo ( )sim( )datas

aplicadas:




Usou sulfato de magnésio:

RCIU 1

ndo( )sim( )

RCIU 2

RPMO n3o( )sim( )data/hora

Uso de antibiodtico para RPMO:ndo ( ) sim( )

Outras intercorréncias obstétricas:

Internacao hospitalar durante a gestacao:
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Sorologias negativas para HIV, CMV, Hepatite, RSS, Toxo, Rubeola e Herpes:ndo ( )

Colonizagdo strepto B: Negativa( ) Positiva( ) ndo pesquisada( )

Dados doParto

Data:

Preparo de colo: nao( )

Entrou em trabalho de parto:

Hora: Idade gestacional:

sim( )

nao( ) sim( )

Recebeu oxigénio complementar durante o parto: ndo ( )

Anestesia: raqui () peridural ( )  duplo bloqueio ( )
Tipo de parto realizado: vaginal ( ) cesarea ( ) combinado ( )
Uso de antibiotico durante o parto:ndo ( ) sim( )

Dados Neonatais

Peso RN1: Peso RN2:
Sexo 1 Sexo 2

Apgar 1 Apgar 2
pH1 pH2

Reanimagdo 1

Reanimagao 2

Peso da placenta: Unica

placentas 1/2:

Datadaaltal

Data da alta 2

Alta vivo 1: Sim ( ) Nao ( )

Infecgao RN1

Alta vivo 2: Sim ( ) Ndo ( )

sim( )

Infeccdo RN 2




Dianosticos do bergario 1

Diagnésticos do bergario 2
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Resultados de exames

Confirmagdo da corionicidade pela histologia: ndo ( ) sim( )

Exames maternos

IgG Total:

IgG anti streptococcus B:

IgG anti klebsiella:

IgG anti pseudomonas:

IgG Total sangue de corddo 1:

IgG anti streptococcus B RN1:

IgG anti klebsiella RN1:

corddo 2:

RN2:

RN2:

IgG anti pseudomonas RN1:

RN2:

Concentragdo FcRn interface materno-placentaria:

Exames do colostro

Concentragdo IGA total:

Concentragdo IGA anti streptococcusl:
Concentragdo IGA anti klebsiella:

Concentracao IGA anti pseudomonas:
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Anexo F

Permisséo de uso da figura 1

Our authors have produced a large number of scholarly papers and we
would like to enable our website visitors to link and share that material.
It's free for everyone, everywhere in the world, as long as it is referenced and
backlinked.

Permisséo de uso de figuras 2 e 3

SPRINGER LICENSE
TERMS AND CONDITIONS
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This is a License Agreement between sonia stach ("You") and Springer
("Springer") provided by Copyright Clearance Center ("CCC"). The license
consists of your order details, the terms and conditions provided by Springer, and

the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions,

please see information listed at the bottom of this form.

License Number 3603370185934

License date Apr 06, 2015
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Springer
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Thesis/Dissertation
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Terms and Conditions

Introduction

The publisher for this copyrighted material is Springer Science + Business
Media. By clicking "accept® in connection with completing this licensing
transaction, you agree that the following terms and conditions apply to this
transaction (along with the Billing and Payment terms and conditions established
by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at

http://myaccount.copyright.com).

Limited License

With reference to your request to reprint in your thesis material on which
Springer Science and Business Media control the copyright, permission is
granted, free of charge, for the use indicated in your enquiry.

Licenses are for one-time use only with a maximum distribution equal to the

number that you identified in the licensing process.

This License includes use in an electronic form, provided its password protected
or on the university’s intranet or repository, including UMI (according to the

definition at the Sherpa website: http://www.sherpa.ac.uk/romeo/). For any other
electronic use, please contact Springer at (permissions.dordrecht@springer.com

or permissions.heidelberg@springer.com).

The material can only be used for the purpose of defending your thesis limited to
university-use only. If the thesis is going to be published, permission needs to be

re-obtained (selecting "book/textbook" as the type of use).

Although Springer holds copyright to the material and is entitled to negotiate on
rights, this license is only valid, subject to a courtesy information to the author
(address is given with the article/chapter) and provided it concerns original
material which does not carry references to other sources (if material in question

appears with credit to another source, authorization from that source is required


http://myaccount.copyright.com/App/PaymentTermsAndConditions.jsp
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as well).

Permission free of charge on this occasion does not prejudice any rights we

might have to charge for reproduction of our copyrighted material in the future.

Altering/Modifying Material: Not Permitted

You may not alter or modify the material in any manner. Abbreviations, additions,
deletions and/or any other alterations shall be made only with prior written
authorization of the author(s) and/or Springer Science + Business Media.
(Please contact Springer at (permissions.dordrecht@springer.com or

permissions.heidelberg@springer.com)

Reservation of Rights

Springer Science + Business Media reserves all rights not specifically granted in
the combination of (i) the license details provided by you and accepted in the
course of this licensing transaction, (ii) these terms and conditions and (iii) CCC's
Billing and Payment terms and conditions.

Copyright Notice:Disclaimer

You must include the following copyright and permission notice in connection
with any reproduction of the licensed material: "Springer and the original
publisher /journal title, volume, year of publication, page, chapter/article title,
name(s) of author(s), figure number(s), original copyright notice) is given to the
publication in which the material was originally published, by adding; with kind
permission from Springer Science and Business Media"

Warranties: None

Example 1: Springer Science + Business Media makes no representations or

warranties with respect to the licensed material.

Example 2: Springer Science + Business Media makes no representations or
warranties with respect to the licensed material and adopts on its own behalf the

limitations and disclaimers established by CCC on its behalf in its Billing and
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Payment terms and conditions for this licensing transaction.

Indemnity

You hereby indemnify and agree to hold harmless Springer Science + Business
Media and CCC, and their respective officers, directors, employees and agents,
from and against any and all claims arising out of your use of the licensed

material other than as specifically authorized pursuant to this license.

No Transfer of License
This license is personal to you and may not be sublicensed, assigned, or
transferred by you to any other person without Springer Science + Business

Media's written permission.

No Amendment Except in Writing
This license may not be amended except in a writing signed by both parties (or,
in the case of Springer Science + Business Media, by CCC on Springer Science

+ Business Media's behalf).

Objection to Contrary Terms

Springer Science + Business Media hereby objects to any terms contained in
any purchase order, acknowledgment, check endorsement or other writing
prepared by you, which terms are inconsistent with these terms and conditions or
CCC's Billing and Payment terms and conditions. These terms and conditions,
together with CCC's Billing and Payment terms and conditions (which are
incorporated herein), comprise the entire agreement between you and Springer
Science + Business Media (and CCC) concerning this licensing transaction. In
the event of any conflict between your obligations established by these terms
and conditions and those established by CCC's Billing and Payment terms and

conditions, these terms and conditions shall control.

Jurisdiction
All disputes that may arise in connection with this present License, or the breach
thereof, shall be settled exclusively by arbitration, to be held in The Netherlands,

in accordance with Dutch law, and to be conducted under the Rules of the
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‘Netherlands Arbitrage Instituut' (Netherlands Institute of Arbitration).OR:

All disputes that may arise in connection with this present License, or the breach
thereof, shall be settled exclusively by arbitration, to be held in the Federal

Republic of Germany, in accordance with German law.
Other terms and conditions:

v1.3

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the
US) or +1-978-646-2777.

Gratis licenses (referencing $0 in the Total field) are free. Please retain this

printable license for your reference. No payment is required.

Permisséo de uso dafigura 4

Copyright © 2012 Patricia Palmeira et al. This is an open access article
distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the

original work is properly cited.
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