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Abstract 
Maternal immunity is the main early defense against infectious agents in newborns. Immunoglo- 
bulin G (IgG) is indispensable for immune defense against infectious agents. IgG is transported 
through either the colostrum or the placenta. Immunoglobulins are antibodies, and the five dif- 
ferent classes of these antibodies are IgG, IgA, IgM, IgD and IgE. Through their biological function 
of binding antigens, antibodies facilitate the removal of antigens from the body. The placenta is a 
temporary maternal-fetal organ, whose principal function is to allow the controlled exchange of 
metabolites between mother and embryo/fetus during gestation. The placenta types in different 
species are classified by the number of membranes separating the maternal and fetal blood circu- 
lation. Humans, lagomorphs and rodents have hemochorial placentas, which require a receptor 
for IgG transfer. In other animals, such as horse and pig (epitheliochorial placenta), ruminants 
(synepitheliochorial placenta) and carnivores (endotheliochorial placenta), antibodies are trans- 
ferred via the colostrum and absorbed by passive diffusion. This review covers immunoglobulin 
transport in several types of placentas. 
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1. Introduction 
Maternal acquired immunity is the main early defense against infectious diseases in newborns [1]. Antibodies 
are natural proteins in the body, and their structure is thought to be safe for transfer to the fetus [2]. Thus, ma- 
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ternal antibody transfer is an important mechanism for protecting newborns while their immune systems lack a 
humoral response [3]. 

Immunoglobulin G (IgG) is indispensable due to its protective roles against infectious agents. IgG may be 
transferred through either the colostrum or the placenta [4] [5]. Immunoglobulin transfer via the colostrum has 
been described in several studies. For example, Meo-Scotoni and Machado (1992) [6] and Lang et al. (2007) [5] 
analyzed the IgG concentration in horse colostrum, and Silper et al. (2012) [7] measured the IgG concentration 
in cows. Similarly, IgG transfer via the placenta in humans has been reported by Hironaka and Casanova (2003) 
[8] and Palmeira (2012) [3]. 

Bidirectional transport between the placenta and maternal blood is facilitated by the large surface area of the 
placental membrane. The transport of almost all substances through the placental membrane involves one of 
four transport mechanisms: simple diffusion, facilitated diffusion, active transport and pinocytosis [9]. Transfer 
across the maternal-fetal barrier depends on the thickness and extent of the barrier as well as the concentration 
gradient or presence of active transport mechanisms [10]-[12]. 

Immunoglobulins are antibodies that belong to a family of globular proteins and constitute a group of glyco- 
proteins present in the serum and tissue fluids of all mammals. There are five classes of immunoglobulins: IgG, 
IgA, IgM, IgD and IgE. Each class is characterized by different sizes, electrical charges, amino acid content and 
carbohydrate content [13]. The biological function of antibodies is to bind antigens and thereby facilitate their 
removal from the body. Each antibody recognizes an epitope, a small portion of the surface of a large molecule, 
such as a polysaccharide or protein. To defend itself from the many existing pathogens, such as bacteria, viruses 
and other disease-causing agents, the body creates immunoglobulins, which recognize the antigens of B cells. 
These proteins are produced by the B cells themselves and have highly specific antigen recognition. Thus, the 
main function of immunoglobulins is to bind pathogenic agents and induce an immune response [14]. 

IgG is the main immunoglobulin in the blood system, accounting for approximately 80% of the total circulat- 
ing immunoglobulin. It is also present in the tissue spaces. IgG is responsible for neutralizing viruses and bac- 
terial toxins, facilitating phagocytosis and lysing bacteria [13]. During gestation, this immunoglobulin passes 
through the placenta from mother to fetus [15] [16]. 

The placenta can be classified by the number of membranes (layers of tissue of both maternal and fetal origin) 
that separate the maternal and fetal circulatory systems in the placental barrier region. This yields four types of 
placentas: epitheliochorial, synepitheliochorial, endotheliochorial and hemochorial [17]. 

Antibody transfer from mother to fetus is directly influenced by the type of placenta in a given species. In 
humans, lagomorphs and rodents, which have a hemochorial placenta, IgG is transported by the neonatal Fc re- 
ceptor (FcRn) [18] [19]. In other animals, including horses and pigs (epitheliochorial placenta), ruminants (syn- 
epitheliochorial) and carnivores (endotheliochorial), antibodies are transported through the colostrum [20]-[22]. 

2. General Background on Placentation 
Viviparous vertebrates develop a complex system of nutritional membranes surrounding the fetus during gesta- 
tion. A placenta forms in all areas where there is apposition and interaction between the fetal membranes and the 
uterine epithelium [17]. The primary function of the placenta is to promote exchange between the mother and 
the developing embryo/fetus throughout gestation [23] [24]. Consistent with this function, the placenta is a 
highly vascularized organ that allows more or less intimate contact (depending on the species) between the ma- 
ternal and fetal circulatory systems [23]. 

Due to the high variability in mammalian species, placentas can be classified according to several criteria, as 
described by Leiser and Kaufmann (1994) [17]. These criteria include the number of embryonic/fetal mem- 
branes involved and the amount of time they remain in contact with the uterus, the exterior shape of the organ, 
the geometric model of interdigitation between the maternal and fetal surfaces, the type and number of tissue 
layers separating the maternal and fetal blood supply and the geometric rearrangement of the capillaries in the 
maternal-fetal exchange region, all of which affect nutritional intake.  

Four fetal membranes contribute to placental formation and embryonic/fetal development: the chorion, the al- 
lantois, the amnion and the yolk sac [25]. The chorion is a layer of epithelium derived from the blastocyst wall, 
or trophectoderm. In most species, the chorionic epithelium or trophoblast is the outermost layer of the fetal 
placenta and represents the definitive barrier for maternal-fetal exchange [24]. The amnion consists of three lay- 
ers: a simple epithelial layer, a thick basal membrane and an avascular mesenchyme [26]. The amnion functions 
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as a membranous sac that holds the conceptus in amniotic fluid, preventing its desiccation and acting as a shock 
absorber to protect the fetus from impacts. Together, these functions ensure that the structure of the fetus is nei- 
ther distorted nor placed under pressure [27]. The amnion obtains its nutrition and oxygenation from the chorio- 
nic fluid, the amniotic fluid and the vessels on the fetal surface [28]. Yolk sac formation begins when the hy- 
poblast (primitive endoderm) is displaced and delaminates to create the cavity of the blastula. The mesoderm in 
the embryonic primitive knot migrates from the epiblast and the hypoblast, transforming the blastula into a 
three-layer structure. The epiblast then becomes the chorionic trophoblast. The cavity lined by the endoderm is 
the yolk sac [29]. The endoderm-derived yolk sac gives rise to the embryonic primitive intestine. In other spe- 
cies, the yolk sac is locally anchored to the chorion, connecting parts of its capillary network to the fetus via 
yolk vessels; subsequent formation of the choriovitelline placenta occurs in Perissodactyla and carnivores. In 
this arrangement, the yolk vessels are more important for exchange than the yolk epithelium. In some mammals, 
such as rodents, the yolk sac replaces the chorion and thus forms the most external embryonic membrane (yolk 
sac placenta). The allantois functions as an extra-embryonic bladder and develops as a diverticulum of the caudal 
portion of the posterior embryonic intestine. Its surrounding mesenchyme is highly vascularized (allantoic ves- 
sels). The allantoic epithelium may surround a large vesicle or eventually rupture and regress. Accordingly, the 
involvement of the allantois in the trans-placental exchange process is limited [17]. 

One of the roles of the mammalian placenta is to facilitate nutrition during fetal development [24]. Nutrition 
consists of the transport of nutrients, gases and water to the fetus along with the excretion of fetal metabolic 
wastes into the maternal blood circulation [30]. For these exchanges to occur, the maternal and fetal circulatory 
systems must be tightly integrated at the placental barrier. 

The term “placental barrier” refers to the tissue layers between the fetal and maternal circulatory systems [17]. 
The fetal components include the endothelium, mesenchyme and trophoblast, while the maternal tissues include 
the epithelium, uterine connective tissue and endothelium. The placenta is characterized by the number and po- 
sitioning of its layers. In epitheliochorial placentas (pigs and horses), the uterine epithelium makes contact with 
the chorion. In synepitheliochorial placentas (ruminants), the uterine epithelium is missing, and the maternal 
connective tissue directly contacts the chorion. In endotheliochorial placentas (carnivores), the uterine epithe- 
lium and the connective tissue may be lacking, permitting contact of the maternal endothelial basal membrane 
with the chorion. Finally, hemochorial placentas (rodents, lagomorphs and humans) lack all of the maternal tis- 
sue layers, and the chorion directly contacts the maternal circulation [17]. 

According to Baintner (2007) [31], there are two processes by which antibodies may be transferred from 
mother to fetus. In humans and rodents, which have hemochorial placentas, antibodies (namely, IgG) are directly 
transported through the placenta. In animals with other types of placentas, antibodies are secreted in the mater- 
nal milk and subsequently absorbed by the fetus. Antibody transfer during gestation varies according to the type 
of placenta in each species [18]. Passive immunity acquired by the fetus through the placenta is essential for the 
newborn to adapt to the extra-uterine environment. Maternal antibodies transferred through the placenta protect 
the newborn from infection during the first few months of life [22]. For animal species in which the placenta 
functions as a barrier preventing antibody transfer to the fetus during gestation, immune transfer involves inges- 
tion and absorption of colostrum [20] [32]. 

3. Transfer of Immunity in Species with Epitheliochorial and Synepithelial  
Placental Barriers 

Horses and pigs have epitheliochorial placentae, which prevent intra-uterine passage of antibodies from mother 
to fetus [29] [33]. The trophoblast cells are juxtaposed with but do not invade the epithelial cells; fusion of the 
trophoblast cells with the uterine epithelial cells may also occur [33]. This type of placenta has six cell layers 
and inhibits the passage of immunoglobulins and other immunological factors to the fetus during pregnancy. 
Therefore, the only immunity a newborn receives from its mother derives from the colostrum [34]. 

The six juxtaposed tissue layers between the maternal and fetal circulatory systems that form the epithelio- 
chorial placental barrier are as follows: maternal capillary endothelium, uterine connective tissue, uterine epithe- 
lium, chorionic epithelium, fetal connective tissue and fetal capillary endothelium. These six layers create a bar- 
rier preventing maternal antibody transfer to the fetus [4]. 

The synepitheliochorial barrier, which is present in cows and other ruminants, is very similar to the epithelio- 
chorial barrier. Binucleated chorionic cells migrate to the chorionic epithelium to attach to the uterine epithelial 
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cells. In a study of these binucleated cells in buffalo, progesterone receptors were found to be present throughout 
gestation [35]. In cows, binucleated cells also synthesize progesterone [36] [37]. The presence of progesterone 
receptors on both the fetal and maternal sides of the placenta throughout buffalo gestation indicates the impor- 
tance of progesterone for maintaining maternal-fetal homeostasis in terms of placental differentiation, growth 
and regulation [35]. The corpus luteum is initially responsible for progesterone production and maintaining 
pregnancy, but later synthesis is performed by the placenta. Progesterone receptors have been detected in the 
trophoblast and caruncular epithelium during gestation in both cows [38] and buffalo [35]. 

As with the epitheliochorial placenta, the synepitheliochorial placenta consists of six tissue layers in the pla- 
cental barrier region that prevent the passage of maternal antibodies to the fetus. Accordingly, the immune sys- 
tem of neonatal ruminants for defending against microorganisms is passively received through the colostrum. 
The synepitheliochorial placenta is a hybrid of maternal-fetal epithelium and characterized by the migration of 
fetal trophoblast cells (binucleated cells) into the maternal tissue. The tissue layers creating the boundary be- 
tween the maternal and fetal circulatory systems are as follows: maternal capillary endothelium, maternal con- 
nective tissue, maternal epithelium, trophoblasts, embryonic connective tissue and fetal endothelium [17] [39] 
[40]. 

The term “colostrum” refers to the first lactic secretion, which occurs as a result of offspring birth. This milk 
is enriched with elements of the blood serum, including immunoglobulins (primarily IgG). The secretion occurs 
for a short time, and the antibody levels gradually decrease over time, with very low levels observed 24 hours 
after birth [41] [42]. Antibodies in the colostrum are absorbed via pinocytosis by epithelial cells in the small in- 
testine, particularly in the jejunum and ilium. Immunoglobulins are transported to the local lymphatic tissue and 
subsequently enter the circulatory system through the thoracic duct, thereby providing immunity to the newborn 
[43]. 

As previously reported by Lang et al. (2007) [5] and Meo-Scotoni and Machado Neto (1992) [6], the amount 
of IgG in the colostrum and in the offspring’s serum may vary among different breeds, but IgG consistently 
represents the most prevalent immunoglobulin, regardless of breed. 

Horses and pigs have an epitheliochorial placenta that prevents intra-uterine passage of maternal antibodies to 
the fetus. Passive immunity transfer therefore occurs through the ingestion and absorption of the colostrum, 
which provides protection against microorganismal infection after birth [4] [44]-[46]. Meo-Scotoni and Macha- 
do Neto (1992) [6] and Koterba et al. (1990) [4] have ascribed the yellowish color and viscosity of colostrum to 
the presence of IgG, with higher viscosity and coloring indicative of higher IgG concentrations in the milk. Total 
protein can also be used to estimate IgG concentration. The majority of the immunoglobulins in the colostrum 
originate from the mother’s blood rather than the mammary glands [47]. 

 According to Rouse and Ingran (1970) [48], the concentration of IgG in the maternal serum is two times 
lower than that in the colostrum before the offspring’s first breastfeeding. The same authors also showed that 
immunoglobulin concentrations in the colostrum, particularly that of IgG, greatly decrease over time. Therefore, 
the offspring must ingest the colostrum during the first two hours of life; six hours after birth, immunoglobulins 
are detectable in the offspring’s serum, indicating immunity in the body [4]. In addition to high concentrations 
of IgG, the immunoglobulins IgM and IgA are also present in the colostrum at lower quantities [49].  

Cattle have a synepitheliochorial placenta, which corresponds to direct contact of the chorionic epithelium 
with the uterine tissues and prevention of maternal immunity via the placenta. Although this placenta protects 
the fetus against most microorganisms, its prevention of the passage of serum proteins such as immunoglobulins 
results in inadequate immunity of the calf at birth. Thus, newborn calves depend on antibodies from the colo- 
strum [7] [50]. The colostrum of cattle has high immunoglobulin levels, and IgG is the most abundant class 
[51]. 

Colostrum-derived immunity is the most common form of protection for calves and other ruminants because 
immunoglobulins are not transferred during gestation in these species [52]. A study performed by Pires-Junior 
unpublished (2009) [53] showed that calves do not have immunoglobulins in their bodies prior to colostrum in- 
gestion and that immunoglobulin levels increase shortly after the secretion is ingested, reaching maximal levels 
after 12 to 48 hours (Figure 1(a) and Figure 1(b)). 

4. Immunity Transfer in Species with Endotheliochorial Placental Barriers 
The endotheliochorial placenta type is present in carnivores, such as cats and dogs [54] [55], and consists of six 



J. Borghesi et al. 
 

 
327 

 
Figure 1. Types of the placental barrier: [A] epitieliochorial, [B] synepitheliochorial, [C] endotheliochorial, [D] hemotri- 
chorial, [E] hemodichorial and [F] hemomonochorial. Components of the placental barrier: In (1) maternal endothelium, (2) 
maternal connective tissues, (3) uterine epithelium, (4) trophoblasts, (4a) syncytiotrophoblast, (4b) cytotrophoblast, (5) fetal 
connective tissues, (6) fetal endothelium and (7) trophoblast giant cell.                                              
 
tissue layers between the maternal and fetal blood systems [56]. Blood flow from the mother to the fetus is cha- 
racterized as a simple flow or a simple cross flow [54] [55].  

In dogs, immunoglobulins from the mother are passed to the fetus via the placenta during the last trimester of 
gestation in a specific placental region with a hemochorial organization and via the colostrum provided by the 
mammary gland [57]. Immune transfer via the colostrum is consistent with the placenta in carnivores being 
mostly endotheliochorial in character, which prevents immunoglobulin transfer. The placenta type is the most 
important determinant of the mode of immunoglobulin transfer to the fetus. Thus, in dogs, only 5% to 10% of 
immunoglobulins are transferred through the endotheliochorial placenta from mother to offspring. The same 
processes occur in other carnivorous species, including felines [57] and coatis of the Procyonidae family, such 
as Nasua nasua [58]. These species also have specialized regions of the placenta, such as the auxiliary structure 
called the hemophagous zone, which may facilitate the transport of substances and minerals such as iron. 

The endotheliochorial placenta in carnivores is characterized by the formation of a zonal track or belt around 
the circumference of the uterine lumen [59]. The placenta consists of four layers separating the maternal and 
fetal circulatory systems: The endothelium of the maternal uterine vasculature, the chorion, the fetal mesen- 
chyme and the fetal endothelium [17]. In this type of placenta, the cells of the trophoblast are moderately inva- 
sive; the cells of the cytotrophoblast and syncytiotrophoblast layers break down the maternal epithelium without 
destroying the endothelial portion then remain in close contact with the fetal tissues [17]. 

Maternal-fetal circulation is simple and has countercurrent flow. It follows a single path, and the fetal blood 
flow is almost horizontal [17]. 

Another important characteristic of the placenta in carnivores is the presence of placental hematomas, or more 
specifically, hemophagous zones, regions where maternal blood elements are phagocytized by fetal cells. This 
phenomenon occurs in the lateral margins of the chorioallantoic placenta. Maternal blood is extravasated from 
the interglandular capillaries into the space between the endometrium and chorioallantois [60]. 

Ambrósio (2004) [54] reported that hematoma regions in carnivores contain streams of extravasated blood 
between the placental tissue and the endometrial glands that function as a hematoma liquid communication base 
at approximately 35 days of gestation. Covering the entire placental belt in a uterine-fetal orientation are the 
maternal arteries. Their caliber decreases as they approach the fetal surface, forming an arterial-venous capillary 
bed in a lamellar arrangement. The pattern remains the same until the vessels form the primary contact villi or 
maternal-fetal exchange zones. 

According to Stoffel et al. (2000) [57], IgG transfer occurs among all of the layers of the maternal-fetal bar- 
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rier in the labyrinth zone. After analyzing the maternal vessels in the labyrinth zone, the authors observed that 
IgG was unequally distributed in the tissue. It is important to reiterate, however, that in carnivores, most immu- 
noglobulins are transferred from mother to fetus via the colostrum [59] (Figure 1(C)). 

5. Transfer of Immunity in Species with Hemochorial Placental Barriers 
During hemochorial placentation, the maternal tissue is invaded and destroyed by trophoblasts. Consequently, 
the chorionic surface directly contacts the maternal circulation [61] [62]. The three layers separating the mater- 
nal and embryonic circulation are the trophoblast layer, the embryonic connective tissue and the embryonic ca- 
pillary endothelium [17]. Enders (1965) [61] classified hemochorial placentas according to the number of tro- 
phoblast layers present, resulting in the following groups: hemomonochorial (one trophoblast layer, Figure 
1(D)), hemodichorial (two trophoblast layers, Figure 2(E)) and hemotrichorial (three trophoblast layers, Figure 
2(F)). Hemomonochorial placentas are found in some monkeys [63], rodents of the suborder Hystricomorpha 
[64]-[69] and humans at the end of gestation [70]. Hemodichorial placentas are found in lagomorphs [61] and in 
humans during early gestation [70]. Finally, hemotrichorial placentas are found in murine rodents [61] and Cri- 
cetidae [71]. 

Comparing the different placenta types, transfer is reportedly easiest in hemochorial placentas [72]. Of the 
five classes of antibodies, IgA, IgD, IgE, IgG and IgM, only IgG can be transferred from mother to fetus through 
the placenta. There are four IgG subclasses: IgG1, IgG2, IgG3 and IgG4 [72]. 

Immunoglobulins are hydrophilic molecules with a molecular weight of approximately 150 kD and cannot be 
transported by simple diffusion. Instead, their movement across the placental barrier requires active transport 
and the specific action of a receptor [73] (Figure 2). The implicated receptor is the Fc receptor (FcR), which is 
specific to the Fc portion of IgG. The Fc region of these antibodies interacts with immune system cells, and the 
antibodies themselves may be present on the surface of phagocytic cells and some lymphocytes. In this way, the 
antibody binds an antigen and is taken up by a phagocytic cell, ultimately ensuring that the bound antigen is en- 
veloped by the phagocytic cell. FcRs are also important for the transmission of cell surface signals into the cell. 
This function requires the aggregation of FcRs on the cell surface by antibodies or multivalent antigens. There 
are unique Fc receptors for each class of antibody: FcɣR binds IgG, FcεR binds IgE, FcαR binds IgA, FcμR 
binds IgM, and FcδR binds IgD. Furthermore, there are three major “classic” Fcɣ receptors: FcɣRI, FcɣRII and 
FcɣRIII. FcɣRI (CD64) is a high affinity receptor expressed mainly on macrophages, while FcɣRIII (CD16) is a 
low affinity receptor found on mononuclear phagocytes, granulocytes, platelets and NK cells. FcɣRII (CD32) is 
a low affinity receptor present on B cells, mononuclear phagocytes, granulocytes and platelets [70] [74]-[76]. In 
addition to the FcγRs, the placenta may also express the neonatal Fc receptor (FcRn), which has been observed 
in human placental tissue [19], specifically in the syncytiotrophoblast membranes and in the fetal capillary en- 
dothelium [77] [78]. The syncytiotrophoblast and the fetal capillary endothelium have also specifically been 
shown to act as cell barriers that regulate IgG transport across the placenta [79]. 

The syncytiotrophoblast is the first barrier against maternal-fetal IgG transfer but can be crossed via binding 
with a specific receptor [80], namely, FcRn [81]. IgG transport across the placenta is an active, selective and 
intracellular process specifically mediated by FcRn. In rodents and humans, the Fc region of maternal IgG binds 
the FcRn receptor under acidic conditions to cross the epithelial cells and is liberated at physiological pH [81] 
[82]. During gestation, maternal IgG is transferred by the placental syncytiotrophoblast, a layer supplied by ma- 
ternal blood, and internalized in endosomes. In rodents, this transport mechanism is particularly important dur- 
ing breastfeeding, and FcRn receptors are expressed by the epithelial cells of neonatal intestine. This expression 
begins during fetal development, peaks neonatally and falls significantly after weaning [81] [83]. In humans, on 
the other hand, the receptors are involved in the placental transfer of maternal IgG from fetal development and 
into adulthood [77] [84] [85]. 

The fetal capillary endothelium is the second placental barrier, but its function is not well known. FcRn is ex- 
pressed only at low levels in the fetal veins, indicating the involvement of another transport mechanism in this 
placental layer [73]. Because endothelial cells closely contact each other, it is assumed that IgG crosses intra- 
cellularly rather than paracellularly between the endothelial cells. Furthermore, IgG moves passively via caveo- 
lar transcytosis [73]. 

FcRn receptors have been shown to be present in the human placenta during the first 12 weeks of gestation 
[82]. Active IgG transport through the placenta begins early and increases proportionally until the end of gesta- 



J. Borghesi et al. 
 

 
329 

 
Figure 2. Schematic view of immunoglobulin transport across the maternal-fetal barrier in the placenta. The IgG (white ar- 
row) present in maternal blood, bind to specific receptors (halo) present on the surface of syncytiotrofoblast cells, then occur 
the transport of these molecules to the receptors present in the fetal blood.                                            
 
tion. Gestational age influences total IgG levels in the umbilical cord, as evidenced by a linear correlation be- 
tween these parameters. At approximately 32 weeks of gestation, the detectable antibody levels in newborns are 
approximately 400 mg/dl and can reach values higher than 1000 mg/dl at term, at times exceeding the maternal 
levels [86] [87]. 

Studies have shown that IgG transport occurs in decreasing order for the IgG1, IgG4, IgG3 and IgG2 sub- 
classes [72]. The concentration of IgG in the fetus originates from the mother, reflecting maternal transport [88]. 
Currently, it is known that the newborn receives a humoral immunity provided by the mother’s placental transfer 
selective immunoglobulin G (IgG). This transport occurs in the third trimester of pregnancy and is started in 
syncytiotrophoblast through endocytosis mediated by specific membrane receptors [89]. Fetal IgG begins around 
the second trimester of gestation, and between 8 and 10 weeks was already a very low level in the villous stroma 
of the placenta and begins to increase from 13 to 18 weeks of gestation, where the fetus is about 10% of the ma- 
ternal concentration. The greatest increase in total IgG levels is observed between 22 and 26 weeks of gestation, 
where the fetus will present about 50% of maternal concentration [90]-[92]. Total fetal IgG concentration con-
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tinues to increase during the final trimester and typically exceeds the maternal IgG concentration at term. The 
rate of increase between 29 and 41 weeks is about twice the rate observed between 17 and 28 weeks of gestation 
[92] [93]. IgG1 represents most of the excess total IgG in fetal circulation at term. IgG1, IgG3 and IgG4 levels 
all increase exponentially during pregnancy. There is general consensus that the IgG1 subclass is transported 
most efficiently, followed by IgG4, IgG3 and finally IgG2, which exhibits the lowest transport levels. Fetal 
IgG3 and IgG4 levels are similar to those in the maternal circulation during this period. IgG2 levels, however, 
slowly increase in a linear fashion during gestation and remain significantly lower (up to 60%) than the IgG2 
concentration in the maternal blood. Fetal IgG2 levels are three times lower than IgG1 levels between 17 and 22 
weeks of gestation and seven times lower between 37 and 41 weeks of gestation [92] [93]. 

In contrast to humans, where most maternal IgG is transferred to the fetus during pregnancy in utero, IgG is 
mainly transmitted postnatally in rats. Most of the transmission occurs after birth and continues throughout most 
of the lactation period [83]. Additionally, FcRn expression in the intestine persists throughout the neonatal pe- 
riod until weaning. Maternal antibody levels in rats are detectable at approximately 17 days of gestation, in- 
crease rapidly after 2 days then remain relatively constant at the maternal concentration until (or past) breast- 
feeding [94]. 

As in rodents, prenatal antibody transfer in the rabbit yolk sac is well-studied. Three distinct periods of yolk 
sac function have been observed in rabbit. During the initial period (until 8 days of gestation), antibodies are 
transferred via the uterine lumen and the nonvascularized bilaminar membrane of the yolk sac. During the 
second period (from 8 to 13 days of gestation), the yolk sac partially inverts, and antibody transfer is minimal. In 
the final period (from 13 to 32 days of gestation), the yolk sac endoderm is in close contact with the uterine epi- 
thelium, allowing more efficient transport [95] [96]. In contrast to the observations in other species, IgM class 
antibodies in rabbit are transported through the placenta at significant levels and transported to the fetal blood 
through the yolk sac splanchnopleura [31] [97]. 

In this sense, an important clinical point worth mentioning relates to inflammatory bowel disease, which is a 
disease that predominantly affects women during the reproductive period, especially between 15 and 35 years 
old. It is a chronic inflammatory process and idiopathic, whose major clinical forms are Crohn’s disease and 
ulcerative colitis [98] [99]. Disease activity at conception has been associated with premature births, low birth 
weight, and fetal loss [100]-[102]. One of the main problems is the use of medications that are potentially tera- 
togenic to the fetus, often leading to improper suspension of drugs needed for maintenance of remission of 
inflammatory bowel disease [103]. Although considered high-risk pregnancy, the rate of complications of preg- 
nancy in a patient with this disease is under control, the patient does not differ much from the general population 
[104]. Infliximab a chimeric monoclonal antibody that acts against tumor necrosis factor α, is indicated for the 
induction treatment and maintenance of remission in patients with moderate to severe disease activity [105] 
[106]. Infliximab has a large molecular structure is not possible it crosses the placenta during early pregnancy 
[107]. However, recent studies have shown detectable serum levels of infliximab in children up to about six 
months of childbirth [103]. Being composed of a IgG1 antibody, probably crosses the placental barrier more 
easily from the third quarter [108]. Thus, its use is indicated up to 30 weeks of gestation [109]. Adalimumab is 
another monoclonal antibody to recombinant human immunoglobulin (IgG1) containing only human peptide 
sequences, specific against tumor necrosis factor. Presents the same information in disease that infliximab, as 
well as those who have lost response to infliximab [106] [110]. Most literature data on its use in pregnancy is 
based on case reports [111], where no increased incidence of malformations or other complications were ob- 
served. Available on its passage through the placenta information is scarce, since its levels can not yet be meas- 
ured commercially. 

6. Immunity Transfer through the Yolk Sac  
Immunoglobulins can also be transported through the yolk sac, which is the first membrane formed (even before 
the main placenta forms) to promote maternal-fetal exchange. 

In most rodents, the yolk sac inverts along with the main placenta to form the yolk sac placenta [112]. The 
yolk sac placenta, or inverted yolk sac, is composed of two layers: an inner layer consisting of vascularized fetal 
mesenchyme and an outer layer of endodermic epithelium. This type of placenta occurs in both rodents and la- 
gomorphs [17] [96]. The yolk sac placenta is structurally diverse among rodent species, and little is known about 
the processes driving maternal-fetal exchange via the yolk sac [113]. Nevertheless, the yolk sac placenta plays 
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important roles in embryo/fetus development before and after chorioallantoic placenta formation [90] [114]. 
In many species, it is likely that a wide range of nutrients can be transferred from mother to fetus through the 

visceral yolk sac [115]. In rodents, the yolk sac is the major nourishing organ in the embryo prior to the forma- 
tion of the functional allantoic placenta. In mouse, the yolk sac forms and, as in voles, completely surrounds the 
amnion through most of gestation [116]. In many rodents and lagomorphs, the yolk sac is actively involved in 
embryonic and fetal nutrition [115], the yolk sac persists during the fetal period in these species.  

Although endodermal cells in the yolk sac are not particularly selective in terms of absorbing macromolecules, 
they are selective in terms of which macromolecules are transported to the fetus [115]. Immunoglobulin transfer 
is one case in point [117]. Thus, selective protein transport is an important function of the yolk sac. Moreover, 
protein degradation by the yolk sac also plays an important role in fetal nutrition [115], as previously discussed.  

The FcRn receptor is found in the endoderm of the fetal yolk sac, where immunoglobulins are transported 
from mother to fetus during gestation. Similar to IgG transport in the human syncytiotrophoblast, IgG transport 
across the fetal yolk sac involves the FcRn receptor and its pH-dependent binding activity. IgG binds to the re- 
ceptor in the acidic environment of the endosome, followed by dissociation of the complex and release into the 
blood [118]. 

7. Conclusions 
We conclude from this review that IgG is the only immunoglobulin class that can be transferred to the fetus 
during gestation. Moreover, only the hemochorial placenta is capable of transporting immunoglobulins during 
gestation. For other placenta types, immunity is transferred to the neonate via the colostrum. IgG transfer in- 
creases beginning in the third trimester of gestation and is mediated by FcRn receptors along with the IgG-speci- 
fic receptor FcɣRI. The yolk sac placenta, which inverts in rodents and partially inverts in lagomorphs, re- 
presents the major nourishing organ during embryonic development. In these species, IgG is transferred by the 
same receptor found in humans—FcRn. 

Knowledge of the characteristics of the maternal fetal placental transport, is of fundamental importance within 
the medical area, mainly to perinatal medicine, which provides the exploitation and manipulation of these me- 
chanisms in benefits to the newborn. 

The study of the mechanism of transplacental immunoglobulin, offer numerous advantages for developing 
healthier and safer for the fetus. Thus the problems of malformation in fetal growth can be tested through to- 
xicity test that assess factors that affect fetal harm training. Therefore knowledge study involving transplance- 
tario cooperate to transport the improvement of embryo development and no new perpesctiva treatment of im- 
munodeficient diseases. 
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