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RESUMO 
 
Dombrowski JG. Associação entre malária gestacional, restrição do crescimento 
intrauterino e baixo peso ao nascer na Amazônia extremo-ocidental brasileira. [Tese 
(Doutorado em Parasitologia)]. São Paulo: Instituto de Ciências Biomédicas, 
Universidade de São Paulo; 2017. 
 
A malária é uma doença parasitária grave e quando ocorre durante a gravidez é uma 
das principais causas de mortalidade materno-infantil, podendo apresentar como 
consequências anemia materna, aborto, nascimento prematuro, restrição do 
crescimento intrauterino e baixo peso ao nascer (BPN). A infecção por Plasmodium 
(P.) falciparum é reconhecida como um determinante importante de consequências 
sérias durante a gravidez e efeitos adversos semelhantes também foram relatados 
em infecções por P. vivax. A despeito de sua alta prevalência e a sua possível 
associação com importantes complicações durante a gravidez, os efeitos da malária 
para gestantes e seus conceptos ainda não estão totalmente compreendidos. Este 
trabalho propõe estudar as consequências da malária gestacional e sua associação 
com a restrição do crescimento intrauterino e baixo peso ao nascer em uma área 
endêmica no extremo oeste da Amazônia brasileira. Foi realizado um estudo 
retrospectivo e prospectivo composto por gestantes da região do Vale do Alto Juruá 
(Acre, Brasil), no qual foram avaliadas as consequências e a extensão do efeito da 
malária sobre o recém-nascido através da coleta de dados epidemiológicos e 
material biológico. Neste estudo, foi observado um aumento no número de partos 
prematuros e BPN entre os recém-nascidos das gestantes infectadas por P. vivax 
quando comparadas com o grupo não infectado. Em relação à infecção por P. 
falciparum durante a gravidez, observamos que a doença representou um fator de 
risco para o nascimento de neonatos com perímetro cefálico reduzido, assim como 
uma maior probabilidade de ocorrência de casos de microcefalia e nascimentos 
prematuros. Além disso, todos esses efeitos adversos estavam ligados à malária 
placentária, caracterizada principalmente por um aumento de agregados nucleares 
sinciciais e infiltrados inflamatórios, bem como um forte desequilíbrio dos fatores 
angiogênicos e diminuição dos níveis de leptina. Muitos estudos, realizados 
principalmente na África, destacam os efeitos deletérios da malária por P. falciparum 
no contexto materno-fetal, mas pouco se sabe sobre a malária gestacional nas áreas 
endêmicas da América, onde predominam as infecções por P. vivax. Nossos 
resultados sugerem que infecções por esta espécie estão longe de serem benignas 
em razão da alta incidência de lesões placentárias, baixo peso ao nascer, abortos e 
partos prematuro em nossa casuística. Além disso, este estudo também mostrou 
que a malária gestacional por P. falciparum aumentou a probabilidade de partos 
prematuros e a ocorrência da redução do perímetro cefálico nos recém-nascidos, o 
que está associado à malária placentária. Assim, o conhecimento do impacto da 
infecção sobre a placenta e no desenvolvimento fetal poderá trazer uma importante 
contribuição para o entendimento da malária gestacional, além de possibilitar o 
desenvolvimento de ações específicas na rotina de cuidado pré-natal. 
 
Palavras-chaves: Malária. Malária gestacional. Gestação. Baixo peso ao nascer. 

Restrição do crescimento intrauterino. 

 



 

 

ABSTRACT 
 

Dombrowski JG. Association between gestational malaria, intrauterine growth 
restriction and low birth weight in the far-western Brazilian Amazon. [Ph. D. Thesis 
(Parasitology)]. São Paulo: Instituto de Ciências Biomédicas, Universidade de São 
Paulo; 2017. 
 
Malaria is a severe parasitic disease that, when occurs during pregnancy, it is one of 
the main cause of maternal-fetal mortality leading also to maternal anemia, abortion, 
preterm birth, intrauterine growth restriction and low birth weight. Infections by 
Plasmodium (P.) falciparum are known to be detrimentally involved in poor 
pregnancy outcomes, effects that were also described during P. vivax infections. 
Despite its significant prevalence and possible association to severe complications 
during pregnancy, the impact of malaria in pregnant women and their children are not 
clearly understood. Current study aims to evaluate the consequences of malaria in 
pregnancy and correspondent association with intrauterine growth restriction and low 
birth weight in an endemic area located in the furthest west region of the Brazilian 
Amazon. A retrospective and prospective study was performed, accounting with 
pregnant women living in the region of Vale do Alto Juruá (Acre, Brazil) in which the 
consequences and extension of malaria effects on the newborns was evaluated 
through the analysis of epidemiological data and biological material. In this study, we 
observed an increase in the number of preterm deliveries and low birth weight among 
children born from pregnant women infected with P. vivax when compared to non-
infected pregnant women. Regarding P. falciparum infection during pregnancy, we 
have noticed that this is a risk factor for newborns with reduced head circumference, 
also increasing the probability of occurring cases of microcephaly and preterm birth. 
Besides, every deleterious effect was associated with placental malaria, which is 
mainly characterized by an increase in the syncytial nuclear aggregates and 
inflammatory infiltrates, as well as by an imbalance in placental angiogenic factors 
and a reduction in leptin levels. Several studies mainly developed in Africa, highlight 
the negative effects of P. falciparum malaria in the maternal-fetal context yet, little is 
known about malaria in pregnancy that occurs in the endemic areas of the America 
where infections caused by P. vivax are predominate. Our results suggest that 
infections promoted by this parasite species are far from being benign as it was 
depicted in our cohort, which has shown high incidence of placental lesions, low birth 
weight, abortion and preterm delivery. Moreover, the present study has shown that 
malaria in pregnancy caused by P. falciparum increased the probability of preterm 
delivery and reduction of head circumference in newborns, which is associated to 
placental malaria. Therefore, knowing the impact of infection in the placenta and fetal 
development may bring an important contribution to the understanding of malaria in 
pregnancy, allowing the development of specific action that can be implemented in 
the routine of antenatal cares. 
 
Keywords: Malaria. Malaria in pregnancy. Gestation. Low birth weight. Intrauterine 
growth restriction. 

  



 

 

1 INTRODUCTION 

 

1.1 Human development 

 

The human development is a complex process that starts with fecundation, 

when the male gamete (spermatozoon) merging with the female gamete (oocyte) 

originates the zygote, the cell that represents the onset of a new being (1,2). The 23 

Carnegie stages of human embryonic development reflect the set of alterations 

during the first eight weeks (60 days) of development, mainly based on the fulfillment 

and the external features of the embryo (Figure 1) (2). 

 

Figure 1 - Carnegie stages of human development in the first 8 weeks. 

 

White bar represents a scale of 5 millimeters (mm) and all embryos are in proportion. 
Source: Hill MA, 2004 (3). 

 

In short, those development stages are grouped in weeks, and they can be 

characterized by the relevant events in each period. The end of the first week of 

development is marked by the superficial implantation of the egg (blastocyst) in the 

endometrial stroma. The second week is characterized by the full implantation of the 

egg and the settlement of the primitive uterine placental blood circulation. Added to 

this, it occurs the formation of the bilaminar germinal disc constituted by the epiblast 



 

 

(embryonic ectoderm) and the hypoblast (embryonic endoderm). During the third 

week, the most characteristic event is the gastrulation process, where the three 

germinal layers of the embryo (ectoderm, mesoderm and endoderm) are set (Figure 

2). Thus, through such process, the epiblast cells originate every germinal layer, and 

the cells from that layer give origin to all the tissues and organs of the embryo) (1,2). 

 

Figure 2 - Germ layers - A gastrula forms 3 primitive germ (tissue) layers. 

 

Source: The McGraw-Hill Companies (4). 

 

The embryonic period comprises all the events that occur until eighth week of 

gestation, which is also known as organogenesis. During that period, the division and 

specialization of the cells takes place, originating the main organic systems and 

organs in the body. It is noteworthy that two important systems are the first to begin 

their formation in this stage: the process of neurulation, which will later form the 

central nervous system and cardiovascular system, which will be the body's first 

system to achieve function at the end of the embryonic period (1,2,5). Such phase is 

characterized by making recognizable the main external features of the body shape 

affecting the look of the concept, which will be acquiring human appearance (Figure 

3) (2,5). 

As the beginning of every essential structure happens along the embryonic 

period, this is a critical phase to the human development, since it is the phase where 

the embryo can be exposed to teratogen or infectious agents, which can lead to 

several congenital malformations, causing severe development problems (2). 

 

 



 

 

Figure 3 - Schematic diagram of critical periods of human development. 

 

Each organ or structure has a critical period when it is most sensitive to damage from 
teratogens or infectious agents. The dark blue portion of the bars represents the most 
sensitive periods. The light blue portion of the bars represents periods of development during 
which physiological defects and minor structural abnormalities would occur. Source: Adapted 
from Moore KL, 1993 (5). 

 

From the ninth week onwards, when the embryo already has human 

appearance, it is denominated fetal period. This period of development is 

characterized by a fast body growth, added to the maturity of tissues and organs 

formed in the embryonic phase (Chart 1) (1,2,5,6). Along the third, fourth, and fifth 

gestational months, the growth by length is more noticeable, while during the two last 

months it is marked by an increase in the fetal weight (1). It is important to point out 

that several organs and tissues do not develop in an identical pace nor reach a 

maturity level at the same time. The full-term fetus has the digestive, respiratory, 

circulatory and urinary systems practically ready for the extra uterine life, while the 

nervous and bone systems remain immature and their differentiation still continue for 

months after the birth (2). 

 

 

 

 



 

 

Chart 1 - Summary of the main events during the fetal period 

3rd month 

(9th to 12th week) 

The face becomes more human and there is a relative decrease 

in the head growth in relation to the body; the ossification starts 

with the presence of the long bones and the skull, the primary 

ossification centers; the external genitalia of the fetus is still 

undifferentiated until the end of the 9th week, and its mature 

form is only set at the 12th gestational week; beginning of the 

fetal moves, but they are imperceptible by the mother due to its 

small size; fetal circulation is complete. 

4th month 

(13th to 16th week) 

Very fast growth, especially of the body; onset of the 

ossification centers for the remaining bones under the X-Rays, 

started in the 16th week; Nasal septum and palate close. 

5th month 

(16th to 20th week) 

Fetal moves start being perceptible by the mother; onset of the 

multilocular fat tissue, specialized in the production of heat; 

from the 20th week onwards, it appears the lanugo and hair, and 

the skin is covered by a caseous varnish, a material constituted 

by the greasy secretion from the sebaceous glands, which have 

the purpose to protect the fetal epidermis. 

6th month 

(21st to 24th week) 

Accentuated gain of weight; erythropoiesis in the spleen; 

although every organ is developed and several systems are 

able to function, the fetus is still unable to survive in the extra 

uterine life, mainly due to the immaturity of the respiratory 

system, despite the surfactant production. 

7th month 

(25th to 28th week) 

The erythropoiesis starts occurring in the bone marrow; the 

fetus is able to conduct the rhythmic respiratory moves and to 

control the body temperature; skin is red; eyes open and close. 

8th and 9th months 

(29th to birth) 

The fetus acquires more rounded contours resulting from the 

deposition of subcutaneous fat; spontaneous orientation 

towards the light; loss of the lanugo; amniotic fluid decrease; 

vigorous fetal movement occurs; fetus is viable. 

Source: Adapted from: Sadler TW, 2016 (1); Montenegro CAB, Rezende Filho J, 2014 (2); 
Moore KL, Persaud TVN, 1993 (5); Montari T, 2013 (6). 

 



 

 

Then, birth occurs 280 days (40 weeks) after the first day of the last 

menstruation (regular 28 day cycles) or in a more precise way, 266 days (38 weeks) 

after fertilization (1). Thus, in a general way, growth patterns and fetal development 

can be divided in three parts, according to gestational ontogeny: (i) in the first 

trimester, occurs the organogenesis; (ii) in the second trimester, the fetus undergoes 

a major increase in body size and cell hyperplasia with a simultaneous cellular 

adaptation, and (iii) the maturity of the organs and cellular hypertrophy along the third 

trimester (7). 

The intrauterine growth and development can be impaired by a series of 

factors such as nutritional deficiency, use of alcohol, drugs, and smoke, infections 

(viral, bacterial or parasitic) and placental insufficiency caused by the above or 

several other factors. With this, the impact of an adverse effect on the intrauterine 

environment and in fetal growth depends on the nature and time of exposure to that 

insult (8,9) in which the physical condition at birth, post-natal growth and resulting 

development will be different (10). 

 

1.2 Placenta 

 

Human placenta starts its development at the sixth day after conception with 

the implantation of the blastocyst on the endometrium. The placenta is considered a 

mixed and interactive organ and is characterized by being a transient organ with a 

discoid format, villous, and hemomonochorial (2,11,12). Its main functions are 

metabolic, endocrine, and to promote the exchange of nutrients, gases and 

metabolites between the mother and the fetus, besides providing physical-

mechanical protection, also acting as an immunological barrier (2,11,12). Its 

approximate dimensions are 15-20 cm long, and 1-3 cm thick (with larger thickness in 

the center, becoming peripherally thinner), with weight ranging from 500 to 600 

grams, representing around 1/6 of the weight of the fetus (12). 

The human placenta is formed by a fetal portion (originated in the villous 

chorion or chorionic plate) and a maternal portion (decidua basalis), which is formed 

by modifications in the uterine endothelium induced by the implementation of the 

blastocyst, corresponding to the functional layer of the pregnant endometrium to be 

eliminated at birth (2) (Figure 4). Three different decidua regions can be identified, 

and they are denominated according to their relationship with the site of implantation: 



 

 

(i) Decidua basalis: it is the portion of the decidua farther from the concept, forming 

the maternal component of the placenta; (ii) Capsular decidua: this is the superficial 

portion of the decidua covering the concept; and, (iii) Parietal decidua: constituted by 

all the remaining portions of the decidua (12). 

 

Figure 4 - Schematic representation of the human placenta. 

 

(1) The villi are composed by fetal connective tissue and are covered by trophoblasts, which 
is the placental parenchyma and it is where maternal-fetal exchanges must occur. (2) The 
cytotrophoblast is made of distinctly separated cells that form a continuous layer in early 
pregnancy responsible for the invasion into the decidua and the myometrium; later in 
pregnancy, this layer is reduced to a few scattered large pale cells with pale nuclei. (3) 
Placental villi are in the intervillous space and are bathed in blood from the maternal vessels. 
(4) Umbilical cord inserted into the fetal side of the placenta, composed of two arteries and 
one vein where fetal blood flows. (5) The syncytiotrophoblast forms an external layer 
covering of the villi, a syncytium with many dark-staining nuclei. During the latter half of 
pregnancy, groups of aggregated nuclei may project at the surface forming syncytial nuclear 
aggregates. Chorionic plate on fetal face and basal decidua on maternal face. Source: 
Adapted from McGready R. et al., 2004 (13). 
 



 

 

Further to those structures, the placenta still has the chorionic plate and the 

villous chorion, corresponding to the fetal contribution to form the placenta (11). The 

stem-villi originated from it protrudes inside the intervillous space, containing the 

maternal blood inside it (12). Histologically, the chorionic villi are formed by a central 

stem of conjunctive nature, where the fetal vessels are located, covered by the 

cytotrophoblast and syncytiotrophoblast. Those two types of cells compose the 

structure of the chorionic villi (14). The syncytiotrophoblast is more abundant, forming 

the external surface of the villi, which is in direct contact with the maternal blood. It is 

characterized by presenting multinucleate cells, which are organized in a layer of 

variable thickness (11). The cytotrophoblast cells are in a smaller amount, and they 

are located just below the syncytiotrophoblast. Under the microscope, the 

cytotrophoblast cells are easily identified: they have a rounded format, round 

nucleus, and a looser chromatin than those composing the syncytiotrophoblast 

(Figure 5). It can also be observed in those cells mitosis that do not appear in the 

syncytiotrophoblast (11). 

Fetal blood passing by the villi vessels performs the exchanges with the 

maternal blood circulating in the intervillous space, bathing the villi. While pregnancy 

evolves, the number of vessels in the villi increases, and the mesenchyme tissue 

decreases, thus facilitating maternal-fetal exchanges. In the chorionic plate, it is still 

found the umbilical cord, which is a tube connecting the maternal organism to the 

body of the developing fetus. The umbilical cord is constituted by two arteries 

responsible by carrying nutrients and O2 to the fetus, and a vein responsible for 

returning the metabolite excreta and CO2 to be metabolized in the maternal organism 

(12). 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 5 - Histological image of the human placenta. 

 

Image made in optical microscope, 10x, H&E, showing intervillous space (IVS), fetal villi (FV) 
and fetal capillaries (FC). Source: made by Rodrigo Medeiros de Souza. 

 

Placental vascular development and uterine vascular adaptation during 

pregnancy enable the appropriate supplying of nutrients and substrates for fetal 

development. Any disturbances in the development of the villi-tree have been 

associated to the abnormal intrauterine development and perinatal mortality (15). 

With this, the correct transportation of nutrients and gases to the fetus through the 

placenta is extremely important. Presently, it has been the aim of several studies, in 

which scientists try to establish a possible association between the weight of the 

fetus at the moment of birth and its susceptibility for cardiovascular diseases, 

diabetes, hypertension, and other diseases along the adult life (16–21). 

 

1.3 Low birth weight and intrauterine growth restriction 

 

The newborn weight is considered one of the main factors determining the 

probability of survival to the neonatal period and even along the remaining first year 

of life (22). Low birth weight (LBW) is defined, by the World Health Organization 

(WHO), as weight at birth less than 2500g, regardless gestation age. Other 



 

 

classifications can also be considered: very LBW (lower than 1500g) and extreme 

LBW (lower than 1000g) (23). Low birth weight has a multifactorial genesis, being the 

prematurity (birth before the 37th gestational week) and intrauterine growth restriction 

(IUGR) the major factors that may actuate in an isolated or combined way, 

determining a weight that is lower than the normal (24). 

The incidence of newborns with low weight is directly affected by the same 

factors that influence the health of the population in which it is inserted, such as 

sanitation, nutrition, perinatal care, social-economic status, infections, comorbidities 

as hypertension, etc. (25). LBW is strongly associated with neonatal morbimortality, 

growth and cognitive development inhibition in children and chronic diseases in their 

adult life. Currently, more than to 20 million children born with low weight all over the 

world, from which 95.6% in developing countries. In South America, 9.6% of 

newborns have LBW (25). 

IUGR is defined as the incapacity of a fetus to keep the expected growth, with 

an estimated birth weight below 10% in the intrauterine growth curve for the 

gestational age (26,27). The perinatal mortality rate in newborn with IUGR can attain 

a 20 times higher level than in babies with a normal growth (8). IUGR appears in 5-

10% of pregnancies, and it is associated to morbidity and mortality during the 

perinatal and childhood periods (28). Added to that, IUGR is related to cardiovascular 

and metabolic diseases in the adult life (29). 

Fetus incapacity to achieve its genetically determined size can occur due to 

several causes and/or several pathological pathways, most of them are unclear or 

even totally unknown (30). The main determinant for intrauterine growth in the 

beginning of the pregnancy is the genome, but in the next phases of development, 

such growth begins to be influenced by several other immunological, nutritional, 

environmental, and vascular factors. Hence, the occurrence of IUGR can be due to 

any disturbance in one of those factors along pregnancy (20). 

The moment of gestation in which the growth occurs below the expected 

differentially reflects future changes in body symmetry and anthropometric indexes, 

including the cephalic perimeter, biparietal diameter, and abdominal circumference, 

and they can be classified after birth based on the Rohrer Ponderal Index (8). Thus, 

IUGR can be basically divided in three groups (8,10,20,31): 

 



 

 

 Type I IUGR: In a general way, it occurs in 20% of the cases, and it is resulting 

from etiologic factors (maternal infections, chromosome alterations, congenital 

malformation) actuating in the beginning of pregnancy. In general, the below 

ideal growth in the first and beginning of the second trimester produces 

proportional newborns, although small for their gestational age due to the 

reduced cellular hyperplasia. It is known as intrinsic or proportional symmetric 

growth restriction, where length, weight, and cranial circumference are 

proportionally damaged. 

 

 Type II IUGR: The newborns in whom the growth restriction occurred later in 

pregnancy, the growth indexes are out of proportion, as they affect cellular 

hypertrophy phase, and they are considered as having suffered asymmetrical 

growth restriction, most of times caused by placental insufficiency. This type of 

growth restriction can occur in 75% of cases and, as consequence, there is a 

reduction in the abdominal circumference, as it affects mainly the liver, as its 

growth is affected by the higher glycogen consumption. Thus, those babies 

have preserved length and cranial circumference, but low weight. 

 

 Type III IUGR: This type of growth restriction occurs in 5 to 10% of the cases, 

and it is considered an intermediate type, since it is a consequence of an 

aggression process both in the hyperplasia phase and in the hypertrophy of 

the cellular growth phase. The main etiologic factors can be maternal 

malnutrition, use of illegal substances, and abusive use of alcohol and smoke. 

In general, the newborns are basically classified as type I or II, since the 

differentiated clinical diagnosis of the type III is quite difficult. 

 

The low weight and growth restriction diagnosis can be performed in two 

ways: intrauterine or post-natal. The intrauterine diagnosis performed through 

obstetric serial ultrasound is the main method used for the early detection of the 

problem, and it uses, as assessment mean, the biparietal diameter, the relationship 

between cranial and abdominal circumferences, the femur length, and the total 

intrauterine volume. Other resources can also be used, such as fundal height 

measurement, which is the easier and most accessible method, although a little 



 

 

sensitive, requiring a qualified professional, in addition to the biochemical dosage of 

substances in the amniotic fluid.  Finally, the post-natal diagnosis is basically 

performed through the correct assessment of the gestational age at birth. In the 

absence of ultrasound examination, which is performed in the first trimester or along 

pregnancy, use other methods are used based on the assessment of the somatic 

and neurological features of the newborn, such as Dubowitz and Ballard score, and 

the assessment through the intrauterine growth curves used in the neonatal 

diagnosis of the fetal growth adequacy (10,32,33). 

 

1.4 Malaria and Plasmodium life cycle 

 

Malaria is the most incident parasitic disease in the world, being one of the 

most important public health issues in the present days. This infection, one of the 

oldest parasitary diseases ever recorded, is caused by a mandatory intracellular 

protozoan of the Plasmodium genus pertaining to the Apicomplexa phylum. Up to this 

moment, it has been described more than 200 species of Plasmodium (34), among 

them the ones infecting birds, rodents, reptiles, non-human primates, and humans. 

The species causing the disease in human are Plasmodium (P.) vivax, P. falciparum, 

P. malariae, P. ovale (35), P. cynomolgi (36) and P. knowlesi (37). 

The disease is transmitted to humans through the bite of an infected female 

mosquito of the Anopheles genus. As such, the biology of the parasite includes a life 

cycle in a vertebrate intermediate host and in a definitive invertebrate host (38). 

Depending on the parasite genus, each Plasmodium has a disease cycling with 

specific features. 

In a general way, the biological cycling of malaria in human is summarized in 

two phases: pre-erythrocytic cycling (including the liver stage) and the blood cycling 

(Figure 6). The pre-erythrocytic cycling has its onset when an Anopheles female 

takes a blood meal, innoculating sporozoites present in its saliva. Those forms cross 

the subcutaneous tissue of the host, and after entering into the blood circulation, they 

make their way to the liver, where they penetrate into the hepatocytes to produce the 

schizonts (schizogony tissue), originating thousands of merozoites (36). This hepatic 

phase of the cycle is asymptomatic, and it lasts in average 6 to 14 days, 

corresponding to the incubation period of the parasite. The merozoites that are 

released from the hepatocytes, probably in the form of small vesicles known as 



 

 

merossomes (39), will invade the erythrocytes (starting the erythrocitic cycling) 

developing themselves into trophozoites, that will form blood schizonts by nuclear 

division. During that phase, the infected erythrocite shows on its surface proteins 

from the parasite that will mediate adhesion to the host tissues (40). 

 

Figure 6 - Lifecycle of Plasmodium in the human body and in the mosquito. 

 

(A) The cycle in human begins with the inoculation of sporozoites into the dermis, (B) which 
then travel to the liver; each sporozoite invades a hepatocyte and then multiplies. (C) After 
one or two weeks, the liver schizonts burst, releasing into the bloodstream thousands of 
merozoites that invade erythrocytes, beggining the asexual cycle. Some parasites develop 
into sexual forms (gametocytes), (D) which are taken up by a feeding Anophelis mosquito. 
This is when sexual reproduction occurs inside the mosquito gut, forming ookinetes and then 
oocysts. The oocyst bursts and liberates sporozoites, which migrate to the salivary glands to 
await inoculation at the next blood feed. Source: White NJ et al., 2014 (41). 

 

The most important phenotypic characteristic of Plasmodium is its ability to 

penetrate into red blood cells by releasing proteins contained in an apical complex, 

which occurs in a similar way to the hepatocytes penetration by sporozoites (36). 

When the schizonts are fragmented, they disrupt the blood cells and release new 

merozoites into the blood circulation. Some merozoites from the blood schizogony 

will result in gametocytes, the sexual form of the parasite,  responsible for infecting 

the vector (42). 

It is along the multiplication, invasion, and rupture cycling that the clinical 

simptoms of malaria are felt, and it may be either gradual or fulminanting (42). The 

first symptoms of malaria are non-specific and similar to a systemic viral disease that 



 

 

include tiredness, discomfort, abdominal fadigue, muscular and articular pain, 

followed by headache, fever, chills (the malarial triad), sudoresis, anorexia, vomit, 

and malaise (42,43). Disease clinical manifestation can be influenced by parasite and 

host genetics, patient age, parasite species, and the region's transmission intensity, 

making the manifestations to range from asymptomatic to severe or fatal (44,45). 

 

1.5 Epidemiology of malaria 

 

1.5.1 Malaria in the world 

 

The real incidence of the malaria in the world is an innacurate information. In 

the last few years, the disease has been concentrated in the tropical and subtropical 

regions, where it is mainly gathered in developing countries that have deficits in their 

health information systems (46). According to the last Malaria Report published by 

the WHO in 2016, up to 148 to 304 million cases were reported and approximately 

429,000 deaths were resgitered in the whole world (47). 

Among all parasite species infecting humans, the P. falciparum and P. vivax 

are the most prevailing, and they are widely distributted in every endemic region in 

the world (Figure 7), posing a severe public health issue in more than 100 countries 

(41). In 2015, around 90% of malaria cases in the world occurred in the African 

continent, where infections are almost exclusively attributted to P. falciparum, the 

most prevailing species in that region (47). 

The infections caused by P. vivax represent approximately 4% of the global 

cases notified, but outside the African continent, such proportion increases above 

40%. The Asian Southwest region accounts for the highest amount of cases with 

around 58% of the infections caused by the parasite. In the Americas, infections by 

the P. vivax represent around 70% of cases (47), and Brazil is responsible for the 

highest amount of cases. 

 

 

 

 

 

 



 

 

Figure 7 - Distribution map of malaria transmission risk areas. 

 

Source: Scott Filler|Malaria, 2017 (48). 
 

It is estimated that each year, above 3 billion people are exposed to malaria, 

and despite a 22% reduction in the number of fatal cases since 2010, the proportion 

of deaths is still high, despite being caused by a treatable disease which easy to 

prevent. The fatal cases of the disease are mainly related to infections by the P. 

falciparum (99%) and, in general, they are concentrated in the sub-Saharan Africa. 

Nevertheless, it is worth to point out that outside the African continent, P. vivax was 

responsible for approximately 86% of all deaths caused by malaria in 2015. During 

that same year, 70% of the total deaths were only children below 5 years (47). But 

besides children, other populational groups face a high risk of dying with malaria, 

such as travellers, immunodefficient individuals, and pregnant women (49,50). 

 

1.5.2 Malaria in Brazil 

 

In Latin America, Brazil is responsible for the highest amount of malaria cases, 

in which it remains among the main parasitic endemic diseases in the country. 

According to the Health Surveillance Secretariat in 2014, it has been notified around 

145 thousand cases all over the country, and 99% of them were concentrated in the 

Legal Amazon states (Figure 8). In Brazil, only three parasite species are associated 



 

 

to the autochthonous cases of the disease: P. vivax, P. falciparum and P. malariae. 

Infections caused by P. vivax prevail in the country, accounting for up to 84% of 

cases, followed by the infections caused by P. falciparum, which correspond to 16% 

of the notified cases in 2014 (51). 

 

Figure 8 - Distribution map of malaria transmission risk areas in Brazil in 2015. 

 

Source: Adapted from Sivep-Malária/SVS/MS, 2015 (52). 

 

The Annual Parasitic Index is a risk marker for malaria transmission calculated 

from the number of positive malaria examinations in 1000 inhabitants within a given 

geographic space and period of time. Such classification is expressed in level of risk: 

low (0.1 to 9.9) medium (10.0 to 49.9), and high risk (equal or higher than 50.0). In 

Figure 8, it is shown the parasitic index of malaria in the endemic areas in 2015. 

Despite malaria being concentrated in the Amazon region, the distribution of cases 

does not occur in a homogeneous way, being influenced by different epidemiologic 

determinants (53). The states of Acre and Amazonas were responsible for 

approximately 70% of every case recorded in 2014 (51), and only three cities in the 



 

 

North region, Cruzeiro do Sul (Acre), Manaus (Amazonas), and Porto Velho 

(Rondônia), contributed with 22% of the cases recorded during that period (54). 

Along the last decade, the country has recorded an important reduction in the 

amount of malaria cases each year mainly after 2006. According to the Ministry of 

Health, the amount of cases recorded in 2014 was the lowest in the last 35 years, 

and such average between 100 thousand to 150 thousand notified cases has been 

kept in the last 3 years (Figure 9). However, despite the advancements, it is worth to 

remember that over 20 million people are exposed to both P. falciparum and P. vivax 

which still contribute to a significant number of death. (51). Therefore, malaria 

continues to be an important public health issue in the country with a significant 

impact on the economic development of this region. 

 

Figure 9 - Malaria reported cases per year, 2003-2017. 

 

Source: Adapted from Sivep-Malária/SVS/MS, 2017 (55). 

 

1.5.3 Malaria in Acre and Juruá Valley Region 

 

As it can be observed in Figure 8, the state of Acre is endemic for malaria, 

concentrating areas of high risk of disease transmission, being one of the states of 

the Amazon region responsible for the highest amount of malaria cases in Brazil. 

According to the last epidemiological report, the state has notified more than 31 

thousand autochthonous malaria cases, corresponding to 22% of the total cases 

recorded in the country in 2014 (51). Despite the whole state being endemic for the 

disease, most of malaria cases occur in the extreme west, in the region of the Alto 

Juruá Valley (Figure 10). 



 

 

Figure 10 - Distribution map of malaria transmission risk areas in Acre state in 2014. 

 

Source: Adapted from Sivep-Malária/SVS/MS (56). 
 

The most prevailing species in the state, as well as in other states of the 

Amazon region is P. vivax. Despite the important reduction of cases caused by P. 

falciparum in the whole country, Acre state contributed with the highest amount of 

cases in 2014, 42% from the total notified. Added to this, in 2013 and 2014, it was 

the State with the highest percentage of malaria falciparum cases (30%) (Figure 11) 

(51). 

 

 

 

 

 

 

 

 

 



 

 

Figure 11 - Native cases of P. falciparum malaria and proportion of P. falciparum in 
relation to the total number of malaria cases in each Federal Unit, 
Amazon Region, 2013 and 2014. 

 

Source: Adapted from Sivep-Malária/SVS/MS (51). 

 

The Alto Juruá Valley region is formed by the cities of Cruzeiro do Sul, Mâncio 

Lima, Rodrigues Alves, Porto Walter, and Marechal Thaumaturgo, and it is 

considered the region with the highest endemicity for malaria in the State. Among 

those cities, only Cruzeiro do Sul, Mâncio Lima and Rodrigues Alves were 

responsible for 91.8% of every malaria case notified in Acre state in 2014, a profile 

that remained during the following years (56). 

In 2012 and 2013, those three cities, Cruzeiro do Sul, Mâncio Lima and 

Rodrigues Alves detained one of the highest annual parasitic index in the Legal 

Brazilian Amazon (Figure 12). In 2016, the progress to reduce the amount of cases 

was not significant, and this can be observed by the high parasitic index that stayed 

similar in Cruzeiro do Sul, Mâncio Lima and Rodrigues Alves (231.9, 436.4, and 

343.4, respectively) (57), thus characterizing them as hyperendemic areas, with high 

risk of disease transmission (Figure 10). 

 

 

 

 



 

 

Figure 12 - Cases of malaria and Annual Parasitic Index by municipality in the Juruá 
Valley, 2012-2013. 

 

Source: Adapted from Sivep-Malária/SVS/MS (56). 

 

1.6 Malaria during pregnancy 

 

1.6.1 Epidemiology of the gestational malaria 

 

Gestational malaria or malaria associated to pregnancy is defined as the 

presence of Plasmodium parasites in the peripheral blood or in the placenta, whether 

with or without clinical symptoms (58). It is estimated that each year, approximately 

125 million women living in endemic countries for malaria get pregnant, and 

consequently, they face an increasing risk of developing malaria and its 

complications (Figure 13) (59). Such complications include severe anemia and 

maternal death, besides of increasing the risk for miscarriages, perinatal mortality, 

LBW as consequence of the prematurity and IUGR (60). 

Of all pregnancies  at risk of developing malaria, in 2007, approximately 85 

million occurred in areas where the disease is transmited by  P. falciparum. 

Addittionally, during the same period, it was estimated that above 92 million 

pregnancies occurred in endemic areas for P. vivax (Figura 13) (59). Each year, 

malaria infection is responsible for more than 10,000 maternal deaths and 200,000 



 

 

infant deaths (61). Moreover, malaria during pregnancy increases the risk of 

miscarriages, LBW and neonatal deaths (62).  

 

Figure 13 - Malaria risk map for P. falciparum and P. vivax and corresponding 
number of pregnancies in each continent in 2007. 

 

Source: Adapted from Dellicour S et al., 2010 (59). 

 

Pregnant women living in hyperendemic areas and in areas with stable 

transmission are generally oligosymptomatic, where placental infections associated 

to anemia and LBW are frequent. Particularly, the most severe effects are observed 

in the first pregnancies, indicating the existence of a strong protective mechanism 

associated with specific immunity to placental forms of Plasmodium. Nevertheless, 



 

 

pregnant women living in hypoendemic areas and areas of unstable transmission 

present low previous immunity to malaria, with a high frequency of people having 

fever and other complications such as cerebral malaria, pulmonary edema, severe 

anemia, hypoglycemia, miscarriage, stillbirths, prematurity, LBW, congenital malaria, 

and even death (50,63–65). 

 

1.6.2 Pathophysiology of gestational malaria 

 

Pregnant women are particularly more susceptible to malaria than non-

pregnant women, and the reason for such vulnerability to infections has been the 

subject of an intense debate in the last few years. One of the main hypothesis has 

proposed that such susceptibility would be due to the physiological maternal 

immunomodulation caused by pregnancy that on one hand protects the fetus against 

the action of the maternal immunological system, but on the other hand, leaves the 

pregnant woman less resistant to infections (66). Actually, it is proposed that the 

susceptibility to gestational malaria occurs probably due to combined factors, such as 

alterations in the immunological and hormonal profiling associated to an 

accumulation of parasites in the placental tissue (67). 

Hence, the physiopathology of the disease is determined by the fact that the 

placenta is one of the most important sites for parasite multiplication (68) and the 

accumulation of parasitic material takes place in the intervillous space (region where 

the maternal blood bathes the syncytiotrophoblast) (69,70). Thus, the placenta 

provides a unique place for the development of subpopulations of the parasite, which 

binds to the receptors expressed by the syncytiotrophoblast, such as chondroitin 

sulfate A (CSA), present in large quantities in these cells (71). This facilitates the 

adhesion of infected erythrocytes mediated by a protein expressed in the membrane 

of these cells denominated PfEMP1 (Plasmodium falciparum erythrocyte membrane 

protein-1) (72–74). As a consequence, infected erythrocytes are sequestered and 

multiply in placental tissue, possibly preventing its later destruction by the spleen. 

As such, placental malaria involves the presence of parasites in the intervillous 

space, and this can result in the accumulation of mononucllear cells, predominantly 

monocytes/macrophages inside this organ (75,76). This results in the production of 

pro-inflammatory cytokines, as well as chemokines such as macrophage 

inflammatory proteins-1 (MIP-1) alpha (CCL3), monocyte chemoattractant protein-1 



 

 

(MCP-1; CCL2), and I-309 (CCL1), IL-8 (CXCL8). This molecular clews promote the 

recruitment of additional monocytes (75,76), to formation of fibrin deposits (8) that 

impair maternal-fetal exchanges, resulting in adverse effects such as miscarriages, 

IUGR, premature births and LBW (74). 

Specific immunity against the placental forms of the parasite is acquired after 

successive pregnancies, and this can prevent its sequestration in the placenta, thus 

avoiding the cascade of inflammatory events that lead to the adverse outcomes 

caused by the worsening of the disease (77). It is worth to point out that the most 

severe effects of malaria are generally observed in the first and second pregnancies, 

indicating the existence of a strong protection mechanism associated to a specific 

immunity achieved against Plasmodium placental forms (65). In those women, an 

increase in the parasitemia levels during pregnancy is an important marker of 

disease susceptibility. 

 

1.6.3 Diagnosis and treatment of the gestational malaria 

 

In Brazil, malaria diagnosis, regardless whether the individual is pregnant or 

not, it is generally performed through the microscopic examination of one’s blood, 

which can be performed using thin and thick smears, collected by digital puncture. In 

despite of that, presently there are alternative methods of diagnose that use more 

sensitive technologies, this method is considered the golden standard, mainly due to 

its low cost, being easy to be implemented in areas of difficult access and for being 

effective to detect and quantify the parasite (42). In relation to placental malaria, the 

histologic examination of the placenta at the moment of birth is the standard 

diagnosis, but it requires qualified professionals, which it is of high cost and difficult to 

be available (78). 

In particular for pregnant women that live in the states of the Amazon region, 

the National Malaria Control Program published the Joint Informative Note no. 

002/2014, where it was introduced the thick smears examination done in every 

antenatal care and at the moment of delivery (79). This initiative ensures that 

pregnant women have a greater access to clinical examination, thus enabling the 

early diagnosis and further treatment, which will lead to a better follow-up, 

guaranteeing that they perform the recommended therapeutic schedule (79). 



 

 

The Ministry of Health has several strategies to control and combat malaria 

during pregnancy, and drug treatment is considered one of the major methods 

adopted. The therapeutic regimens are organized in official protocols, and the use 

ranges according to parasite species, age and/or woman’s weight, disease severity 

and gestational age (80). 

In short, for a non-complicated malaria infection in pregnant women promoted 

by P. vivax, it is recommended the usage of chloroquine as first chosen drug in a 

three-day treatment schedule. In addition, it is important to use a weekly schedule of 

chloroquine for relapse prevention. For infections with P. falciparum, along the whole 

gestational period, but especially along the first trimester, it is advocated the use of 

an association of quinine for seven days and clindamycin for five days. An alternative 

schedule to treat infections with P. falciparum that is recommended only for the 

second and third gestational trimesters assumes a fixed combination of artemerther 

and lumefantrine in a three-day schedule (80). It is worth to point out that in Brazil, 

the prophylaxis through the intermittent preventive treatment with regular doses of 

sulfadoxine and pyrimethamine is not used. 

It is highly recommended, regardless the type of parasite or gestational period 

that pregnant women undergo a rigorous medical assessment after diagnosis in 

order to get the correct indication of the therapeutic schedule to be used and for the 

complete assessment of the risks that the infection can bring both to the mother and 

the fetus. Furthermore, despite of the proved safety of using those drugs during 

pregnancy, the risks are not yet completely set, and using them in an inappropriate 

way can lead to parasitic resistance (80). 

 

1.6.4 Consequences of gestational malaria and the risk for growth restriction and 
low birth weight  

 

Much of the information regarding gestational malaria consequences came 

from studies done with the P. falciparum species, performed in African countries. 

Despite the great advances in research on gestational malaria in Latin America, more 

studies are needed to consolidate knowledge, mainly regarding P. vivax, which is 

considered the most prevailing species in the region (81,82).  

Infection by P. falciparum during pregnancy has been recognized as an 

important determinant for LBW, which is normally more accentuated in primigravida 



 

 

(13,83) that might reach the second and third pregnancies in low transmission areas 

(84). Similar adverse effects have been reported in P. vivax infections, although the 

decrease in birth weight and anemia are less severe when compared to infections 

caused by P. falciparum (13). In endemic regions, the association of malaria with 

complications such as prematurity (8-36%), IUGR (13-70%), LBW (8-14%) and child 

mortality (3-8%) is frequent (85). 

Anemia is a classic consequence of malnutrition, but it is also one of the most 

frequent complications of gestational malaria and an important cause of maternal 

death in endemic areas, besides of being an independent risk factor both for LBW 

and IUGR (Figure 14) (86). Anemia can cause reduction in the oxygen transportation 

to the fetus due to the destruction of erythrocytes promoted by the parasite, 

suppression of hematopoiesis, and also by the immunological response to infection 

(80,87–89). In high transmission areas for malaria, around 25% of the population 

presents severe anemia (hemoglobin < 7 g/dl) (90). 

Miscarriages and stillbirths are other two important consequences observed in 

pregnant women with malaria. These complications can occur due to several factors, 

but mainly by placental infection generating an intense inflammatory response that 

decreases the amount of oxygen and nutrients taken by the fetus, and by the 

hyperpyrexia, that stimulates the prostaglandins production, which exerts an 

excitatory action on the uterine muscle resulting in miscarriage (50,91,92). 

The growth restriction and low birth weight were clearly associated to the 

sequestration of infected erythrocytes and hemozoin (malarial pigment) accumulation 

in the placenta (75,93). This can be associated, for instance, to alterations in the 

nutrient transportation function (Figure 14). Supposedly, the high density of parasites, 

chronic parasitic infection in placental blood and its association with the immune 

response can lead to the presence of intervillositis and to glucose and oxygen 

consumption, which should primarily be provided to the fetus (87). Thickening of the 

basal membrane of syncytiotrophoblast has also been observed in histopathological 

studies of infected placentas that can interfere in nutrients transportation to the fetus 

(94). Nevertheless, the details of those biological processes remain unclear, mainly 

due to the restrict access to the placenta at term collected only after birth (87). 

Besides the mononuclear cell infiltrate and fibrin deposits, placental malaria is 

associated with several other alterations inside the organ, including thickening of the 

syncytiotrophoblast basal membrane, increase in the amount of syncytial nuclear 



 

 

aggregates and fibrinoid necrosis (94). Recently, a study suggested that such 

changes can affect the functional integrity of the placenta by reducing both nutrients 

transportation and its secretory functions, probably being more noxious for fetal 

growth in the third trimester of pregnancy, when the demands for nutrients and gases 

are more intense (8). 

Several mechanisms in gestational malaria are known to be associated to 

IUGR and LBW (Figure 14). In some studies, it was also proposed that the 

dysregulation of molecular mechanisms associated to the angiogenic processes, 

such as the angiopoietins (ANG-1, ANG-2), vascular endothelial growth factor 

(VEGF) and its soluble receptor (sVEGFR1 or sFlt-1), which inhibit the trophoblastic 

invasion. This dysregulation also affects the remodeling of the spiral uterine arteries, 

which have been associated to the occurrence of IUGR and low weight of the 

newborns from pregnant women presenting malaria during gestation (89,95–97). 

Limited studies even suggest that placental malaria can alter both the 

maternal and fetal secretion of hormones that regulate fetal growth (98,99). The main 

changes include decreased production of growth factors similar to the insulin (IGFs) 

and leptin, which is a peptide hormone that influences the homeostasis and regulates 

the neuroendocrine function. Leptin is produced in significant amounts by the 

syncytiotrophoblast in more advanced stages of pregnancy, and in several studies, 

decrease in its levels have been associated to fetal growth restriction (7,97,100). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 14 - Possible pathways to malaria-induced intrauterine growth restriction. 

 

The sequestration and/or accumulation of infected erythrocytes in the placenta can activate 
monocytes and other cells that cause changes in placental function. Placental malaria 
induces the production of chemoattractant secretions by the syncytiotrophoblast and the 
accumulation of cytokine-secreting monocyte in the intervillous space. This inflammation can 
alter the levels of fetal growth hormones or directly decrease the activity of placental nutrient 
transporters. Cytokines could directly or indirectly affect nutrient transport mechanisms. 
Cytokines and cell accumulation can lead to placental hypoxia. Malaria is associated with 
maternal anemia, which can directly cause IUGR. Infection in early pregnancy might hinder 
trophoblast invasion and can impair vascular development. Monocytes in the intervillous 
space can also disrupt placental blood flow by inhibiting angiogenesis. IUGR could therefore 
result from changes in placental blood flow, vascular development and/or nutrient transport 
activity, or from hormonal changes operating in the maternal or fetal circulations. 

GLUT1=glucose transporter 1; AA=amino acids. Source: Adapted from (8,67). 
 

Placental malaria also influences the hormone of placental growth (hPGH) and 

the human placental lactogen (hPL), which have a central role in the maternal 

adaptation to pregnancy. Fetal weight in the second half and in the end of gestation 

is directly correlated with hPL and hPGH concentrations both in the maternal and 

fetal plasma (20), and in pregnancies complicated by fetal growth restriction, it is 

detected a decrease in the concentration of those hormones (101). Added to that, it 

was observed that the pro-inflammatory cytokines are consistently high in placentas 



 

 

infected with Plasmodium, especially those with a chronic inflammation (67), which 

may potentially result in adverse effects to the fetus. 

Finally, in an interesting way, recent studies have shown that fetal growth and 

survival are also influenced by the gender of the fetus. In average, male babies born 

larger than female babies, although female babies have higher survival rates, 

particularly among the newborns with LBW and extreme LBW (102,103). Under 

adverse conditions, as for instance in a Plasmodium infection, each gender seems to 

adopt a different growth strategy: males tend to continue growing, while females 

have their growth restricted. This is probably due to the way they handle stress along 

pregnancy. It is possible that such difference is mediated by the placenta and 

provided by the specificities of each gender in the expression and regulation of 

placental genes, proteins, steroids, and placental structure, mainly concerning 

vasculature (103). In two studies examining the interaction between fetal gender and 

response to malaria, it was evidenced that the maternal infection was associated to a 

decrease in the average birth weight mainly in newborn females (104). 

 

1.7 Health information systems 

 

The main role of the information systems is to promote the acquisition of 

knowledge, which should support the management of health services. Brazil is a 

country with a wide list of health information systems available for different planning 

purposes, management, assessment, social control, teaching, and research (105). 

Among every database available and within the context of this work, two important 

information systems must be pointed out: the Information System of Live Births 

(SINASC) and the Epidemiological Surveillance for Malaria (SIVEP-Malaria). 

 

1.7.1 Live Birth Information System 

 

Implemented in 1990 by the Ministry of Health, SINASC was assembled with 

the purpose of improve the information quality by collecting and producing 

information on the occurrence of births, maternal data, pregnancy, delivery and 

newborn data under the responsibility of the State and Municipal Health Secretariats 

(23,106). This system can be used to get health, demographic, and epidemiological 

markers related to the management commitments of the cities, and for the planning 



 

 

and management of health services by means of the elaboration of frequency reports 

of events and cross between variables (107–109). 

The system represents an important source of information for research and 

assessment in area of health linked to the maternal-child cares (110), as it has 

unique characteristics that few countries have, such as the national coverage, 

and a computerized system on transmission data (111). Furthermore, it is an 

important source to calculate the proportion of live births with LBW, mothers with four 

or more prenatal consultations, types and places of birth, presence of congenital 

diseases, added to other characteristics (106). 

SINASC is supplied through information contained in the Certificate of Live 

Birth (DNV), which is a pre-numbered document standardized by the Ministry of 

Health jointly presented in three copies. The issuance of DNV is the responsibility of 

health professionals or midwives (duly recognized and linked to the health units) 

responsible by assisting the birth or the newborn (112). All the routing workflow, filling 

protocol, and information processing are defined by the Ministry of Health, and they 

are available in instruction and procedure manuals (112,113). 

 

1.7.2 Epidemiological Surveillance System – Malaria 

 

Malaria is a mandatory notification disease, and hence, all the suspected or 

confirmed cases must be mandatorily notified to the health authorities. In 2003, the 

National Malaria Control Program implemented the Epidemiological Surveillance for 

Malaria (SIVEP-Malaria) in every state of the Amazon region aiming to improve the 

information flow and quality, integrating the cities, states and the Union (114). SIVEP-

Malaria is a present and important notification system of malaria cases of the Ministry 

of Health, whose data is provided through the fulfillment of a notification and 

investigation sheet at the disease diagnosis units both in the public and private 

systems of health (115). 

The notification sheet of the disease is organized in blocks, and it includes 

general information of the patient such as gender, age, whether pregnant or not, 

information on the probable site of infection, data from the examination including 

species of parasite and parasitemia quantification. It also provides information on the 

treatment used (116). 



 

 

Such important system of the Ministry of Health collects and provides updated 

information on disease incidence and distribution of cases in the Amazon region. 

Thus, it is considered an important tool for the analysis of the case’s oscillations in 

different regions and contexts enabling to set effective strategies for controlling 

actions and malaria prevention (117). Furthermore, it is possible to determine which 

are the areas or population groups more affected by the disease, thus enabling to 

direct resources for worst affected regions, intensifying the fight against the disease 

(118). 

  



 

6 FINAL CONSIDERATIONS 

 

1. When analyzing the databases quality, it is of extreme importance to identify 

the period in which the evaluations occurred. The years of 2005 and 2010 

were chosen for the study entitled “Effectiveness of the live births information 

system in the far-western Brazilian Amazon” with the objective of verifying the 

information systems accuracy in a year of stability and prospection (2005) and 

a year of transaction (2010) in which the newborns’ declaration (Declaração 

de Nascidos Vivos, DNV) has been substituted by a new model. This allow us 

to observe that even with a reduced coverage and an incomplete registration 

of the studied variables collected in 2010, SINASC is one of the most 

important, complete and reliable systems of information working for the 

Ministry of Health. 

 

2. The challenge of linkage databases was to overcome the reduced number of 

common variables between both information systems. The existence of two 

complete sets of variables from SINASC and SIVEP-Malaria allowed the 

complition of the study “Malaria during pregnancy and newborns outcome in 

an unstable transmission area in Brazil: a population-based record linkage 

study”. Conclusions drawn from the aforementioned research were of extreme 

importance for the assessment of malaria impact during gestation relying on 

data collected over 9 years. It is worth to highlight that even with infection 

premature diagnosis and treatment administration within 48 hours, it was 

possible to observe severe deleterious effects such as low birth weight and 

prematurity among children born from women with malaria in pregnancy. 

 

3. The great majority of studies that tried to evaluate the effects of malaria in 

pregnancy presented almost exclusively the impact of infection in newborns’ 

birth weight, together with prematurity and stillbirths. Having this in 

consideration, with the study “Plasmodium falciparum infection during 

pregnancy impairs fetal head growth: prospective and populational-based 

retrospective studies” we have managed to show that P. falciparum infections 

may also impair the proper development of other fetal/newborn’s 



 

anthropometric characteristics, especially normal head circumference. 

Additionally, P. falciparum infections were also shown to be associated to 

some microcephaly cases. As such, these findings reinforce the importance of 

evaluating placental infection promoted by the parasite and its consequences 

on fetal growth and development as a whole. 
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