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Abstract

Infections acquired in the uterus or in the postnatal period play a prominent role in
perinatal and infant morbidity. Although toxoplasmosis, rubella and cytomegalovirus (CMV)
infection are diseases that have been widely studied worldwide, there are few studies carried
out in Luanda, Angola. There is only one published work on toxoplasmosis and there are no
studies of rubella and CMV infections in the Angola’s population. Therefore, the work aimed
to: (i) study the seroprevalence of antibodies IgM and IgG anti-T. gondii, anti-Rubella and
anti-CMV among pregnant women attended at the Lucrécia Paim Maternity Hospital (LPMH)
in Luanda, Angola; (ii) identify maternal primary infection through the profiles of anti-T.
gondii, Anti-Rubella and anti-CMV antibodies; (iii) dating the primary maternal infection
through the IgG avidity test; (iv) perform the diagnosis of congenital infection using
molecular techniques (QPCR); (V) studying the geospatial distribution of infections; (vi) assess
the socio-demographic risk factors associated with infections by T. gondii, and Rubella and
CMV virus. A longitudinal study for toxoplasmosis and a prospective transversal study were
carried out in the case of Rubella and CMV. Blood samples were collected from August 2016
to May 2017 and specific antibodies anti-T. gondii, anti-CMV and anti-Rubella (IgG and
IgM) were quantified. The sociodemographic, clinical and behavioral characteristics of the
pregnant women were collected using a face-to-face questionnaire after written consent. The
spatial distribution was assessed using the Kernel Density Function and the potential risk
factors associated with infections were evaluated using bivariate and multivariate binomial
logistic regression analysis. Anti-T. gondii antibodies were quantified in 878 pregnant women,
and 346 (39.4%) samples were 1gG positive, 2 (0.2%) positive for IgM and 1gG, and 530
(60.4%) negative for both immunoglobulins. In the longitudinal study, a total of 653 pregnant
women were followed during pregnancy: 408 (62.5%) were seronegative and, of these, 178
(33.6%) were in the first trimester of pregnancy and 230 (43.4%) in the second quarter. The
cross-sectional study included 225 pregnant women in the third trimester, 103 of whom were
positive for anti-T. gondii antibodies and 122 seronegative. The longitudinal study showed
that none of the seronegative women seroconverted during the survey. In the two positive
samples for IgM and 1gG antibodies, the results of the 1gG avidity test (high avidity) showed
that it was a chronic infection by T. gondii. These results were corroborated by the negative
results obtained in the qPCR. Regarding other infections, 226 of pregnant women (25.7%)
were positive for hepatitis B, while 118 (13.4%) were HIV-positive The multivariate analysis

has shown a significant increased risk for toxoplasmosis in women in the last trimester of



pregnancy (OR 1.457, CI: 1.011-2.102), suffering spontaneous abortion (OR 1.863, CI:
1.014-3.465) and having pets at home (OR 1.658, CI: 1.212-2.269). Also, women who tested
positive for hepatitis B (OR 1.375, CI: 1.008-1.874) and HIV (OR 1.833, CI: 1.233-2.730)
had a significant increased risk for T. gondii infection. There is a significant number of
pregnant women in Luanda who are not immunized against toxoplasmosis and, therefore, are
at risk of acquiring the primary infection during pregnancy and, consequently, infect the fetus
(congenital toxoplasmosis). In the case of the Rubella and CMV study, 396 pregnant women
participated in the study. Of the participants, 382 (96.5%) had anti-CMV IgG antibodies, 8
(2.0%) had anti-CMV IgG and IgM antibodies and 6 (1.5%) were seronegative. For Rubella
virus, 347 (87.6%) were positive for anti-1gG, 4 (1.0%) positive for anti-1gG and IgM, and 45
(11.4%) were seronegative. The multivariate logistic regression analysis has shown a
significant association between Rubella virus infection and pregnant women without child
(OR 2.673; CI: 1.026 - 7.007) and suffering spontaneous abortion (OR 3.232; CI: 1.192 -
7.952). In contrast, the level of schooling, residence, occupation, marital status, number of
children in the household, basic sanitation, gestational age, history of miscarriages and
hepatitis B were not significantly associated with the Rubella virus infection. The
seroprevalence of toxoplasmosis, Rubella e CMV infection was similar in most municipalities,
however the seroprevalence of toxoplasmosis in municipality of Belas was lower (25.8%; 31
of 120) and multivariate analysis has shown a lower risk for toxoplasmosis in this area (OR
0.471, CI: 0.299-0.728). In conclusion, our study showed that a large number of pregnant
women are not immunized for toxoplasmosis and identified the risk factors for this infection
in Luanda. We also showed that there is a high seroprevalence of anti-CMV and anti-Rubella
antibodies in pregnant women in Luanda. Therefore, it is important a rapid and accurate
diagnosis of toxoplasmosis, CMV and Rubella infection in pregnant women to prevent
congenital infections. Rubella vaccination should be offered to women non-immune to
Rubella. Overall, it would be important to implement national screening for toxoplasmosis,
CMV, Rubella and other diseases linked to maternal and child health, as highlighting the need
for diagnostic and clinical follow-up of other infectious diseases, such as HIV/SIDA and

hepatitis B during pregnancy.
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Resumo

As infecGes adquiridas no Gtero ou no periodo pds-natal desempenham um papel
proeminente na morbilidade perinatal e infantil. Apesar da elevada prevaléncia global da
toxoplasmose, rubéola e infecdo por citomegalovirus (CMV), a epidemiologia destas infeces
tem sido pouco documentada em Luanda, Angola. De facto, existe somente um trabalho
publicado sobre a toxoplasmose e ndo existem estudos de infe¢Bes pelos virus da Rubéola e
CMV na populacdo. Portanto, os objetivos do trabalho foram: (i) estudar a seroprevaléncia de
anticorpos IgM e 1gG anti-T. gondii, anti-virus da Rubéola e anti-CMV em mulheres grévidas
atendidas na Maternidade Lucrécia Paim (MLP) de Luanda; (ii) identificar a primoinfecdo
materna atraves dos perfis de anticorpos anti- T. gondii, anti-virus da Rubéola e anti-CMV;
(iii) datar a primoinfecdo materna através do teste de avidez da IgG; (iv) realizar o diagndstico
da infecdo congénita através de técnicas moleculares (QPCR) em fragmentos de placenta; (v)
estudar a distribuicdo geoespacial das infecOes; (vi) avaliar os fatores de risco
sociodemograficos associados as infecdes por T. gondii, virus da Rubéola e CMV. Assim, foi
realizado um estudo longitudinal para toxoplasmose e transversal prospectivo no caso da
Rubéola e CMV. As amostras de sangue foram recolhidas no periodo de Agosto de 2016 a
Maio de 2017 e os anticorpos especificos anti-T. gondii, anti-CMV e anti-virus da Rubéola
(IgG e IgM) foram quantificados. As caracteristicas sociodemograficas, clinicas e
comportamentais das gestantes foram recolhidas mediante um questionario face-to-face ap6s o
consentimento escrito. A distribuicdo espacial foi avaliada através da fungdo de densidade de
Kernel e os fatores de risco potencialmente associados as infe¢fes foram determinados por
analise de regressdo logistica binomial, bivariada e multivariada. Relativamente a
Toxoplasmose, os anticorpos anti-T. gondii foram quantificados em 878 amostras das quais
346 (39,4%) foram positivas para IgG anti-T. gondii, 2 (0,2%) foram positivas para IgM e IgG
anti-T. gondii e 528 (60,4%) foram negativas para ambas as imunoglobulinas. No estudo
longitudinal, um total de 653 gestantes foram acompanhadas durante a gestacdo: 408 (62,5%)
foram seronegativas e, destas, 178 (33,6%) encontravam-se no primeiro trimestre de gestacao
e 230 (43,4%) no segundo trimestre. No estudo transversal foram incluidas 225 gestantes no
terceiro trimestre, sendo 103 seropositivas para anticorpos anti-T. gondii e 122 seronegativas.
Nas duas amostras positivas para anticorpos IgM e 1gG, os resultados do teste de avidez da
IgG (alta avidez) mostraram que se tratava de uma infecdo latente/crénica por T. gondii. Esta
concluséo foi corroborada pelos resultados negativos obtidos na qPCR. Assim, existe um

numero significativo de mulheres gravidas em Luanda que ndo estdo imunizadas contra a
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toxoplasmose e, portanto, correm o risco de adquirir a infe¢do priméria durante a gravidez e,
consequentemente, infetar o feto (toxoplasmose congénita). Em relacdo a outras infegdes, 226
gravidas (25,7%) foram positivas para o virus da Hepatite B, enquanto 118 (13,4%) foram
positivas para HIV. A analise de regressdo logistica multivariada mostrou que a idade
gestacional (OR 1,457; 1C:1,01-2,10), presenca de animais domésticos em casa (OR 1,658;
IC:1,21-2,26), seropositividade para HIV (OR 1,83; IC: 1,23-2,73) e seropositividade para o
virus d Hepatite B (OR 1,375; IC: 1,00-1,874) sdo fatores de risco para infecdo por T. gondii.
No caso do estudo do virus da Rubéola e CMV foram testadas 396 mulheres gravidas. Em
relacdo ao CMV, 382 (96,5%) possuiam anticorpos 1gG anti-CMV, 8 (2,0%) anticorpos IgG e
IgM e 6 (1,5%) eram seronegativas. Para o virus da Rubéola, 347 (87,6%) foram positivas
para anticorpos 1gG, 4 (1,0%) positivas para IgG e IgM e 45 (11,4%) foram seronegativas
para os dois anticorpos. A analise de regressdo logistica multivariada mostrou associacdo
significativa entre infe¢do pelo virus em gravidas sem filhos (OR 2,673; IC: 1,026 - 7,007) e
que sofreram aborto espontaneo (OR 3,232; IC: 1,192 -7,952). Em contrapartida, escolaridade,
residéncia, ocupacdo, estado civil, nimero de filhos em casa, saneamento basico, idade
gestacional, historia de aborto e virus da Hepatite B ndo apresentaram associagéo significativa
com a infecdo pelo virus da Rubéola. A seroprevaléncia de toxoplasmose, rubéola e infecéo
por CMV foi semelhante na maioria dos municipios de Luanda, porém a seroprevaléncia da
toxoplasmose no municipio de Belas foi mais baixa e a analise multivariada mostrou risco
menor para a toxoplasmose nessa area (OR 0,471, CI: 0,299-0,728).

Em conclusdo, o nosso estudo mostrou que um grande nimero de mulheres gravidas nao esta
imune para toxoplasmose e identificou os fatores de risco para esta infecdo em Luanda.
Mostramos também que, embora exista uma elevada seroprevaléncia de anticorpos anti-CMV
e anti-virus da Rubéola nas mulheres gravidas em Luanda, um numero ainda consideravel ndo
esta imune ao virus da Rubéola e, por isso, devem ser vacinadas. Assim, é muito importante o
diagndstico rapido e preciso da Toxoplasmose, Rubéola e infecdo por CMV em mulheres
gravidas para prevenir as infeces congénitas e preservar a salde materno-infantil.
Globalmente os resultados sustentam a importancia da implementacao de rastreios nacionais
para Toxoplasmose, Rubéola, infe¢ao por CMV e de outras doencas relacionadas com a saude
materno-infantil bem como evidenciam a necessidade de diagnostico e acompanhamento

clinico de outras doengas infeciosas, como HIV/SIDA e Hepatite B, durante a gravidez.
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CHAPTER 1

General Introdution

In this chapter are included the review articles:
1. Amélia Nkutxi Vueba and Maria do Céu Sousa (2020). “Diagnosis of toxoplasmosis in
humans: advantages and limitations of conventional and innovative methods”. (in

preparation)

2. Amélia Nkutxi Vueba and Maria do Céu Sousa (2020). “Rubella infection: Advances and
challenges in the diagnosis and prevention of Congenital Rubella Syndrome”. Published in:

HSPC, International Journal of Clinical Virology. 4: 006-013.

3. Amélia Nkutxi Vueba and Maria do Céu Sousa (2020). “Cytomegalovirus infection:
advances and challenges in the diagnosis and prevention of cytomegalovirus infections in
various clinical settings”. Submitted in: Pathogens and Global Health (in revision).



1.1. Pregancy and Infectious Diseases

Infectious diseases change a woman's health and can negatively influence her
reproductive function. When associated with pregnancy, they take special importance
challenging on three principal questions: the treatment of the mother's disease; the effect of
infection during pregnancy; and the influence on the fetus, not only of maternal disease but
also of the therapy used. In the case of pregnant women, prenatal examinations are relevant
for the prevention of vertical transmission of various infectious agents (Numan et al., 2015).
Toxoplasma gondii (T. gondii), Rubella virus and Cytomegalovirus (CMV) are infectious
agents that are part of the TORCH complex, an acronym used to group five infectious
diseases that can affect the fetus and the newborn (NB), and which have a similar clinical
picture (Numan et al., 2015). Sometimes, these diseases are not associated with symptoms,
however can cause spontaneous abortions, sterility, congenital malformations and intrauterine
fetal loss (Rasti et al., 2016). The transmission of an infection from the mother to the child
can occur congenitally during delivery, before or after birth and through breast milk (Neu et
al., 2015). Although these diseases have been widely studied and tests are used frequently in
medical practice in many countries, the discussions generated around the feasibility of
screening in women of reproductive age and pregnant women is mainly associated with the
variability in the prevalence of these diseases in populations (Leeper & Lutzkanin, 2018; Neu
et al., 2015; Rasti et al., 2016). However, the evidence for and against screening for these
pathologies varies widely when considering public health conditions and population

epidemiological data in each country (Nayeri et al., 2020).

1.2. Toxoplasma gondii and toxoplasmosis

Toxoplasmosis is a worldwide zoonosis caused by Toxoplasma gondii (T. gondii), a
protozoan of the Phylum Apicomplexa, order Eucoccidia, capable of infecting humans, birds,
rodents and other animals, these being its intermediate hosts. Felids, including the domestic
cat, are considered the definitive hosts (Montoya & Liesenfeld, 2004).

T. gondii was discovered in Tunisia, North Africa, more precisely in the Pasteur
Institute of Tunisby Nicolle and Manceaux, and by Splendore, in Brazil, in 1908 (Nicolle &
Manceaux, 1908; Splendore, 1908). During studies on leishmaniosis, Nicolle and Manceaux
observed an arc-shaped protozoan in tissues of a rodent, the gundis (Ctenodactylus gundi)
(Dubey, 1994; Dubey, 2009). It was named T. gondii based on its morphology (Toxon: arc,
plasma: form) and its host (Rouatbi et al., 2019). T. gondii is an obligate intracellular parasite

that invades and multiplies in any nucleated cell, parasiting the most diverse tissues of various



mammals and birds. Its life cycle has been known since the late 1960s and features three
infecting stages: tachyzoites, bradyzoites and sporozoites (Figure 1).

Although toxoplasmosis is generally asymptomatic for most adults, severe
complications may occur in some individuals, including immunocompromised patients such
as patients with AIDS, and transplant recipients (Liu et al., 2015). In addition, primary
infections of pregnant women are associated with potential congenital infections and
abortions, as T. gondii may cross the placenta barrier (Montoya & Liesenfeld, 2004).

T. gondii was considered a unique species in the genus Toxoplasma. Studies in North
America and Europe have identified limited genetic diversity on parasite strains, which have
been classified into genetic types I, 1l and Il (Ajzenberg et al., 2010; Howe & Sibley, 1995;
Li et al., 2014). In other parts of the globe, such as in South America or Africa, recombinant
or atypical strains are associated with ocular toxoplasmosis and severe clinical manifestations
in immunocompromised individuals (Porter & Sande, 1992; Previato et al., 2015; Sumeeta &
Batra, 2016).

1.2.1. Epidemiology

Toxoplasmosis is one of the most common infections in humans and warm-blooded
animals, with a worldwide distribution and great importance in public health (Hill et al. 2005).
The disease has been proven in all zoo-geographic areas in about 200 mammalian species
(Hill et al., 2005). In animals, toxoplasmosis acquires importance, mainly because when
infected they serve as a direct or indirect source of infection to humans, besides causing direct
damages to animals of economic interest and pets. The parasite encysts in the musculature and
can infect the man by ingestion of raw or undercooked meat (Dubey et al., 2012).

It is estimated that approximately 30% of the human population in the world is
chronically infected by T. gondii (Moncada & Montoya, 2012; Sun et al., 2013). However, the
prevalence of the disease varies widely among countries, with incidence reaching over 95% in
some regions (Robert-Gangneux & Dardé, 2012). The prevalence in man depends on climate,
socioeconomic level, eating habits, cultural and ethnic practices and presence of cats in home
area (Halonen & Weiss, 2013). Unlike many parasites limited to the tropics or subtropics, T.
gondii can inhabit the most diverse regions of the globe, from the frozen ground of Alaska to
the Amazon forest, although climatic factors have an influence on the prevalence of infection,
which is lower in very cold climates with ice cycles, in arid areas and at high altitudes as
oocysts lose their virulence when dried or frozen (Halonen & Weiss, 2013; Hill et al., 2005;
Robert-Gangneux & Dardé, 2012).



1.2.2. Transmission

In humans, T. gondii infection usually occurs through the ingestion of mature oocysts
(containing sporozoites) or through ingestion of raw or undercooked meat from animals
containing tissue cysts with bradyzoites (Figure 1) (Dubey, 2009; Halonen & Weiss, 2013).
Another important route of transmission to humans is the transplacental passage of
tachyzoites during acute infection in pregnant women (Jones et al., 2014; Jones & Dubey,
2012). This transmission occurs when the pregnant woman acquires toxoplasmosis during
pregnancy and presents the acute phase of the disease, being able to transmit toxoplasmosis to
the fetus, probably having tachyzoites as forms responsible for the infection (Robert-
Gangneux & Dardé, 2012). Also the transmission can occur through organ transplantation and
blood transfusion (Alvarado-Esquivel et al., 2018; Dodd, 1998; Liu et al., 2017).
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Figure 1: Sexual and asexual phase of Toxoplasma gondii. (1) Infection of the definitive host; (2) cyst
rupture and infection of intestinal epithelial cells; (3) formation of merozoites; (4,5) the beginning of
the sexual phase with the formation of macrogamete and flagellated microgamete; (6) fusion of
microgamete and macrogamete; (7) release of the oocyst in the faeces into the environment; (8)
oocysts will become infectious, sporulated, and contaminate the environment; (9) sporulated oocysts
can cause infection in animals through the consumption of contaminated food and water; (10,11)

human infection occurs by eating raw or undercooked meat from infected animals containing cysts;



(12) multiplication of tachyzoites in humans; (13) tachyzoite-bradyzoite differentiation and formation

of tissue in the tissue; (14) transplacental transmission of tachyzoites (Source: Duque et al., 2013).

1.2.3. Clinical manifestations

The congenital disease can cause important neonatal changes like ocular lesions,
microcephaly, hydrocephalus, cerebral calcifications, psychomotor alterations and mental
retardation, making the primary infection on pregnant woman and consequently fetal infection
the most serious aspect of human toxoplasmosis (Maldonado et al., 2017; Neu et al., 2015;
Wallon & Peyron, 2018). Toxoplasmosis in the immunocompromised can become severe or
even deadly. The deficit in the patient's immune system leads to reactivation of the chronic
infection, particularly affecting the CSN (Liu et al., 2017; Xavier et al., 2013). In patients with
acquired immunodeficiency syndrome (AIDS), toxoplasmosis results, in most cases, from
reactivation of a latent toxoplasmosis (bradyzoites can become tachyzoites again), acquired
previously (Xavier et al., 2013). The most frequent clinical manifestations are headache, fever
and neurological signs. Toxoplasmosis in HIV-positive people can manifest itself in different
places such as the CSN, lung, heart and eye. The most frequent is pulmonary toxoplasmosis
characterized by pneumonia and respiratory failure.

In cases of immunodepression associated with transplant surgery it is very important
to know, in advance, the immunity of the donor and recipient in relation to T. gondii. When
the non-immune recipient receives a transplant from an immune donor, it is exposed to a risk
of severe toxoplasmosis, due to the absence of specific immunity and the therapeutic-induced
immunodepression, leading to reactivation of cysts present in the transplanted organ (Derouin
& Pelloux, 2008). Another very serious situation occurs when the recipient has a chronic
toxoplasmosis, because it is exposed to the reactivation of their own cysts due to therapeutic
suppression that weakens their immune system (Derouin & Pelloux, 2008).

1.2.4. Maternal infection versus risk of fetal infection

The diagnosis of toxoplasmosis is usually only performed in people considered at risk
(Liu et al., 2015). There are four groups that are considered at risk: pregnant women who
acquired the infection during pregnancy; fetuses and newborns who were infected during
pregnancy; immunocompromised individuals and people with chorioretinitis. However, the
most important thing in medicine is whether the pregnant woman acquires the infection

during pregnancy (Leeper & Lutzkanin, 2018).



The risk of fetal infection increases with the time of gestation: 15% if maternal
infection occurs at 13 weeks of gestation, to over 70% if infected at 36 weeks (Pappas et al.,
2009). Women with chronic T. gondii infection do not contaminate their children during the
intrauterine period, and there is also no evidence that toxoplasmosis in chronic stage is a
cause of abortions. However, the reactivation cases of T. gondii infection, caused by maternal
immunosuppression, could lead to infection of the fetus during pregnancy (Halonen & Weiss,
2013; Mozzatto & Procianoy, 2003).

In the fetus, the parasite lodges in cells of the phagocytic-mononuclear system, giving
rise to intermediate structures called pseudocysts; it then spreads through blood or lymph to
any organ or tissue, including the central nervous system and eyes, for which it has a greater
tropism (Halonen & Weiss, 2013; Helieh, 2017).

The success of fetal infection depends on factors such as virulence of T. gondii,
placental development, age of pregnancy and parasitic burden, among others (Neu et al.,
2015; Kieffer & Wallon, 2013). During the first trimester of pregnancy, infection by T. gondii
can lead to fetal death. In the second quarter, it can cause the so-called Sabin tetrad, in which
the fetus has hydrocephalus, with macro or microcephaly (in 50% of cases), chorioretinitis (in
90% of infections), brain calcifications (69%) and delayed mental or neurological disorders
(in 60% of cases). The newborn may also have initial lesions as miliary nodules spread
throughout the brain or around necrotic foci, the cerebral ventricles may be dilated and brain
lesions may be calcified (Leeper & Lutzkanin, 2018; Saadatnia & Golkar, 2012). Likewise,
other ocular changes still can happen in varying degrees of degeneration as retinal edema,
choroidal vascular lesions, neuritis optics, microphthalmos, nystagmus, and strabismus.
Among the neurological manifestations, it can be mentioned the psychomotor disorders,
seizures and opisthotonus. Children who survive congenital toxoplasmosis are most of the
time children mentally retarded (Kieffer & Wallon, 2013; Saadatnia & Golkar, 2012; Tenter
et al., 2000).

1.2.5. Laboratory Diagnosis of Toxoplasmosis

Although toxoplasmosis develops immunity in the individual, there is still no specific
vaccine available. Therefore, the diagnosis is highly relevant for treatment and prophylaxis
purposes. The validation of a diagnosis of T. gondii should not be made only on the basis of
clinical data; these should be confirmed with laboratory data, since toxoplasmosis is a benign

and asymptomatic infection in most cases (Montoya, 2002).



The laboratory diagnosis of T. gondii infection can be performed by serological tests
(indirect diagnosis) or by parasite isolation, amplification of specific sequences of
deoxyribonucleic acid (DNA) and histological studies (direct diagnosis) (Maldonado, 2017;
Liu et al., 2015).

The evidence of the parasite by the demonstration of its components as antigens or
segments of DNA is of high diagnostic value and has been assuming a prominent position
especially in immunocompromised individuals (Bastien, 2002; Robert-Gangneux & Belaz,
2016). Recent advances in the knowledge of the genome of T. gondii have made it possible to
use gPCR to detect this protozoan (Liu et al., 2015). Real-time PCR (qPCR) has been used in
prenatal diagnosis for confirmation of congenital toxoplasmosis.

The methodology used for the laboratory diagnosis of toxoplasmosis diversifies
according to some parameters, such as the biological material available, specificity and

sensitivity of each technique.

1.2.5.1. Humoral response to T. gondii infection and serological diagnostic

In the case of oral transmission mediated by the ingestion of mature oocysts, the
immune system develops humoral immunity, firstly with IgM and IgA antibodies production
and later with IgG and IgE (Decoster et al., 1995; Murat et al., 2013; Zhang et al., 2016). IgM
antibodies appears approximately in the first or second week after infection, peaking in six to
eight weeks, when it then declines. However, it may remain in the patient for up to four to six
months after the onset of infection by T. gondii (stage considered acute or recent) or persist in
low titers for more than 12 months, being considered residual IgM (Gras et al., 2004; Liu et
al., 2015; Villard et al., 2016). Specific 1gG appears after 2 weeks of infection, peaks at 2-3
months, remaing at a plateau level for 6 months and after 1 year starts to slowly decrease to
lower levels until the end of infected subject's life (Robert-Gangneux & Dardé, 2012). This
stage is equivalent to the chronic or latent stage of the disease due to the persistence of latent
cysts in organs. So, a positive 1gG result indicates a previous infection but cannot accurately
determine the time of infection (Liu et al., 2015; Saadatnia & Golkar, 2012). To determine the
moment of toxoplasmic infection, it is necessary to perform serological tests that detect anti-T.
gondii antibodies of type IgM and IgG, mainly. However, the presence of high levels of 1gG,
as well as the persistence of IgM for long periods of time, complicates the interpretation of
serological tests and the discrimination between acute and chronic cases (Liu et al., 2015;
Zhang et al., 2016).



In clinical practice the serological detection of IgM and IgG antibody levels are the
basis for identifying the infection and is one of the most commonly used method. Diagnostic
strategies for toxoplasmosis are according to the patients' immunological history and clinical
settings, including immunocompromised individuals, pregnancy and newborns (Liu et al.,
2015; Robert-Gangneux & Dardé, 2012; Villard et al., 2016; Zhang et al., 2016). Primary
infection during pregnancy and prenatal diagnosis of congenital toxoplasmosis are the most
challenging situations and the interpretation of results is most problematic in these cases. The
serological patterns in pregnancy and the newborn include: 1gG- and IgM-negative; 1gG-
negative and IgM-positive; IgG-positive and IgM-negative; and 19gG- and IgM-positive
(Sensini, 2006). Serological monitoring is necessary to obtain reliable conclusions about the
patient's serological status. The challenge lies in interpreting the results for specific IgM in
pregnancy (Zhang et al., 2016; Sensini, 2006).

In immunocompromised individuals, the serological diagnosis is difficult to interpret
due to immunological imbalance, since the correlation between specific 1gG antibody titers
and clinical manifestations is not verified. Regarding IgM antibodies, normally they are not
detected in these patients (Liu et al., 2017; Xavier et al., 2013).

1.2.5.2. Serological tests

Serology remains the primary approach to establishing a diagnosis of toxoplasmosis. It
is based on the research of antibodies of different classes of anti-T. gondii (IgG, IgM, IgA and
IgE) (Liu et al., 2015; Da Costa et al., 2007; Zhang et al., 2016). The presence of anti-T.
gondii antibodies in the course of infection allows the analysis of different serological
profiles: recent infection; acute phase; old infection; and latency phase or chronic. The first
test available to detect specific anti-T gondii antibodies was the Sabin-Feldman reaction (dye
test; DT). Sixty years after its description, it is still considered a reference test with high rates
of sensitivity and specificity (Zhang et al., 2016). However, its use has been restricted by the
mandatory use of live toxoplasma, which causes serious biosafety problems (Remington et al.,
2004).

Serodiagnosis is widely used in routine examinations of pregnant women to prevent
congenital toxoplasmosis. Different techniques have the property of detecting these antibodies
in patients' blood. Tests such as enzyme-linked immunosorbent (ELISA),
electrochemiluminescence assays (ECLIA), chemiluminescence assays (CIA), indirect
fluorescent antibody test (IFAT), immunosorbent agglutination assays (ISAGA), latex

agglutination test (LAT), serum IgG avidity test and Western blotting (WB) have been



developed to improve the ability to diagnose T. gondii infections (Dard et al., 2016; Liu et al.,
2015; Massa et al., 2017; Peretti et al., 2017; Teimouri et al., 2018; Remington et al., 2004).
Some of these methods, including DT, IFAT, LAT and ISAGA, are generally reserved for
reference laboratories. ELISA and CIA are routine screening methods for specific 1gG and
IgM in serum and are used primarily in clinical laboratories. There are many commercial Kits
and automated platforms for using ELISA and CIA methods (Zhang et al., 2016).

Certain limitations of these methods have been evident, since failures to detect 1IgG and
IgM have been described during the active phase of the infection, and it has been shown that
these antibodies may not be produced during the first weeks of the parasitemia (Liu et al.,
2015). Therefore, the risk of congenital toxoplasmosis may not be detected in these cases.
More recently, it has been shown that the avidity of 1gG for the T. gondii antigen (which
measures the binding strength between the antibody and antigen) increases over time
(Pomares & Montoya, 2016). This is an informative marker as the low avidity of IgG could be
interpreted as an indicator of recent toxoplasmic infection (Montoya & Liesenfeld, 2004;
Rossi, 1998). Likewise, the serological diagnosis of toxoplasmosis is complicated in
immunocompromised patients, fetuses, newborns, recipients of transplanted organs and
especially, in AIDS patients. In these cases, and in pregnant women with a presumptive
serological diagnosis of acute phase, direct detection of the parasite can be proposed
(Cassaing et al., 2006; Robert-Gangneux & Dardé, 2012). The emergence of the human
immunodeficiency virus (HIV) has increased the need for more sensitive and efficient
diagnoses for opportunistic infections. Latent toxoplasmosis is at risk of developing into
toxoplasmic encephalitis in these patients (Cassaing et al., 2006; Joseph et al., 2002). Equally,
the need for early diagnoses to detect the reactivation of latent toxoplasmosis in patients with
other types of immunosuppression has increased, such as cancer, organ transplantation and
others (Kupferschmidt, 2001; Robert-Gangneux et al., 2017).

Some studies have reported that qualitative measurements of specific 1gG antibodies are
less problematic than quantitative measurements, and a variety of commercial immunoassay
methods and systems can achieve good sensitivity and specificity (Franck et al., 2008;
Maudry et al., 2009). According to these studies, IgG results were confirmed by DT or WB,
and the number of discrepant samples was low (Zhang et al., 2016). The commercial
immunoassay systems analyzed included enzyme immunoassays and fully automated assays,
however, it should be noted that the quantitative results were not as good as expected when
evaluating the performance of six automated anti-toxoplasma IgG immunoassays (Liu et al.,

2015; Maudry et al., 2009). Samples with low levels of specific IgG are often observed in the



clinic, resulting in borderline results, that is defined as a "gray area" by the manufacturers
(Robert-Gangneux & Dardé, 2012). These findings suggest that confirmatory tests, such as
WAB, are needed to identify IgG in the "gray zone" (Zhang et al., 2016).

There are some problems with the specific IgM test for T. gondii. Studies have reported
a high number of false positive results in pregnant women (Garry et al., 2005; Liesenfeld et al.,
1997). This occurrence may be due to performance deficiencies of specific IgM assays or
residual IgM in individuals with past infection (Hofgartner et al., 1997; Liesenfeld et al.,
1997). In populations with low prevalence of seroconversion to acute toxoplasmosis, false-
positive results are more frequent (Zhang et al., 2016). This shows that commercial trials must
consider the balance between sensitivity and specificity when establishing cutoff points within
a given population (Hofgéartner et al., 1997; Liesenfeld et al., 1997). Another problem is the
low level of detection of specific IgM (Petersen et al., 2005; Roberts et al., 2001). False-
negative results from samples with a low level of specific IgM due to a recent infection can
result in the misdiagnosis of a newly acquired infection in patients, especially pregnant
women (Zhang et al., 2016). False-positive or false-negative results for Toxoplasma-specific
IgM antibodies highlight the importance of confirmatory tests (Liu et al., 2015).

Since the serological interpretation of IgM results is very complex, the use of these tests
in combination with other means of diagnosis, such as 1gG avidity detection, is a better tool to
confirm a recent or past infection (Sensini, 2006). 1gG avidity detection was initially
developed as an “internal” method (Hedman et al., 1989) and commercial kits are now
available in many countries (Zhang et al., 2016). The high avidity indices exclude a recent
infection, while the low avidity indices indicate weak interactions between the antigen and the
antibody and could indicate a newly acquired infection (Zhang et al., 2016). Another method
depends on analyzing the IgG titer of two samples from the same patient collected at 3-week
intervals without treatment. The increase in IgG titers over time suggests a recently acquired
infection (Robert-Gangneux & Darde, 2012). Intertechnical and interlaboratory variability in
specific antibody assays for T. gondii is frequently observed in the evaluation of automated
immunoassays (Maudry et al., 2009). These differences can arise for several reasons:
variations in the antigen used by different tests, differences in cut-off values proposed by
different manufacturers due to the lack of cooperation and measurement errors made by
clinical laboratories (Zhang et al., 2016).

To improve the harmonization and standardization of the detection of antibodies
specific to T. gondii, it is important to develop reference materials and standards. Although

there is the International Standard (1S) released by WHO since 1994, carried out through an
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international collaborative study, the results indicate that there is still significant progress to
be made towards the harmonization and standardization of immunoassays for Toxoplasma-
specific IgG detection (Maudry et al., 2009; Rigsby et al., 2004; Zhang et al., 2015). Currently,
when two successive titrations from one patient are analyzed, the same commercial assay
should be used for both (Zhang et al., 2016).

1.2.5.2.1. Lateral flow immunochromatographic tests: Point-of-Care test

The costs of conventional serological tests for toxoplasmosis often discourage
universal adoption of monthly prenatal use in screening programs to prevent congenital
toxoplasmaosis.

The lateral-flow immunochromatographic test, also called the rapid test, has been an
increasingly used tool for the diagnosis of a wide range of biological targets (Katarzyna et al.,
2016; O'Farrell, 2009; Pierilli, 2004). Due to its characteristics, this platform is easily adapted
for use at home or in the field, not requiring large technological resources or prior technical
knowledge, allowing the rapid diagnosis of several pathologies (Gomez et al., 2018; Koczula
& Gallotta, 2016). Most developed methods are capable of detecting antibodies or antigens.
The advantages of using rapid tests as a diagnostic tool have already been widely disclosed:
fast results, relatively low manufacturing cost, high scale production facility, long shelf life,
independent use of reading equipment and possibility of using small sample volumes.
However, they have limitations related to the production technology, that typically requires
long development cycles, and to the performance characteristics as sensitivity and
reproducibility (Begeman et al., 2017; Piergili, 2004). Different formats of rapid tests are
available in the market and academic research. A good example was the Point-of-Care (POC)
test for T. gondii infection diagnosis (ICT IgG-lgM POC test) (Begeman et al., 2017). The
studies have demonstrated an optimal diagnostic performance for Toxoplasma ICT IgG-IgM
POC test (LDBIO Diagnostics, Lyon, France) compared to serological reference tests realized
in France and the United States (Begeman et al., 2017; Chapey et al., 2017). In the United
States the Toxoplasma ICT 1gG-IgM POC test was highly sensitive (100%) and specific
(100%) in distinguishing positive 1gG / IgM sera from negative sera. In France, performance
was also excellent, with 97% sensitivity and 96% specificity and the test was already
approved for clinical use (Begeman et al., 2017).

1.2.5.3. Isolation of the parasite

The direct diagnosis is based on the identification of evolutionary forms of the parasite

(tachyzoites, bradyzoites and oocysts). Although in recent years the techniques of indirect
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diagnosis (serological tests) have already evolved, these should still be complemented by
direct diagnostic techniques whenever possible (Bonyadi & Bastani, 2013; Montoya, 2002).

Isolation of T. gondii in blood or other body fluids demonstrates that the infection is
acute. Isolation of the parasite can be performed by inoculating the biological sample, almost
all human tissues or body fluids, into mice or into cell cultures (Bonyadi & Bastani, 2013,;
Montoya, 2002; Montoya & Liesenfeld, 2004). However, the direct detection of the parasite
as an unequivocal diagnosis are difficult to perform, due to the wide dissemination of the
parasite and its tropism for several cells of the human organism, generating repeated
negativity in the direct search (Pittman & Knoll, 2015; Wong & Remington, 1993). Likewise,
it is known that parasitemia is detectable intermittently in some patients (Filice et al., 1993;
Hofflin & Remington, 1985; Kompalic-Cristo et al.,, 2004). Because it is a obligate
intracellular parasite, in vitro culture is complicated to maintain, has a high cost and requires a
long time to provide results, often only being effective in less than 50% of cases. The
isolation of the parasite can be done with inoculation in mice, which is more sensitive, but
requires three to six weeks and maintenance of animals in vivariums (Grover et al., 1990; Hitt
& Filice, 1992; James et al., 1996; Kupferschmidt et al., 2001; Lin et al., 2000).

1.2.5.4. Histopathological examination

In histopathological examinations are used staining techniques, such as hematoxylin-
eosin, to observe the presence of T. gondii evolutionary forms. The presence of tachyzoites in
tissue cuts or body fluids establishes a good diagnosis for acute infection (Eapen et al., 2005;
Montoya, 2002).

1.2.5.5. Molecular methods based on the detection of nucleic acids

In 1985, the strategy to amplify a genomic target through DNA replication in vitro was
described and revolutionized the use of technology that involves nucleic acid (Saiki et al.,
1985). Molecular methods are also widely used in addition to conventional serological
methods for the diagnosis of toxoplasmosis (Liu et al., 2015).

Conventional methods are limited in prenatal cases or in immunocompromised
patients. For example, a primary infection can be accurately diagnosed by serology in a
woman during pregnancy, but serology results cannot confirm whether the mother's parasite
was transferred for the fetus. However, molecular diagnostic techniques can do so (Liu et al.,
2015).
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1.2.5.5.1. Polymerase Chain Reaction (PCR)

The laboratory diagnosis of toxoplasmosis can be made using the Polymerase Chain
Reaction (PCR) to detect the DNA of the parasite. Due to inherent limitations of traditional
diagnostic methods, PCR can be used in addition to serology to diagnose T. gondii infection.
PCR is an efficient method of in vitro enzymatic amplification that allows the specific
amplification of DNA from small amounts of starting material in a short period of time (Saiki
et al., 1988). Advances in the knowledge of the T. gondii genome have made it possible to use
PCR to detect the parasite (Ajzenberg, 2010; Bastien, 2002; Wong & Remington, 1993). To
achieve high sensitivity, several multiple target genes are generally used for the detection of T.
gondii in biological samples (Ajzenberg et al., 2016; Liu et al., 2015).

The T. gondii parasite was detected by PCR in several living tissues and nucleated cells
and in organic liquids such as blood, lymph, saliva, milk, exudates, sperm, amniotic fluid,
bronchoalveolar lavage fluid, aqueous humor, and peritoneal fluid (Bastien, 2002; Bou et al.,
1999; Burg et al., 1989; Guy et al., 1996; Robert-Gangneux & Belaz, 2016; Roth et al., 1992;)
and even in urine (Fuentes et al., 1996). PCR is very sensitive because it can detect the DNA
of only one tachyzoite, providing a rapid diagnosis (Robert-Gangneux & Belaz, 2016). Blood
samples tested to investigate parasitemia by PCR assays, amplifying segments of T. gondii B1
and P30 genes, showed the potential of the technique for the non-invasive diagnosis of
disseminated toxoplasmosis (Dupoy-Camet et al., 1993; Filice et al., 1993; Ho-Yen et al.,
1992; Weiss, 1995). Different pairs of primers for in vitro replication targeting different
targets have been used. The first PCR method for the detection of T. gondii, targeting the B1
gene, was established in 1989 (Burg et al., 1989). The locus gene B1 (2.2 Kb) is one of the
most widely used markers for the detection of T. gondii because it is repeated in 35 copies in
the genome (Burg et al., 1989; Romand et al., 2004). It has a high sensitivity, being able to
detect the DNA of a single organism directly from a crude cell lysate or 10 parasites in the
presence of 100,000 human leukocytes (Burg et al., 1989; Grover et al., 1990). This marker
has been widely used in the prenatal diagnosis of congenital toxoplasmosis and T. gondii
infection in immunocompromised patients (Kompalic-Cristo et al., 2007; Lamoril et al., 1996;
Matin & Shahbazi, 2017; Reischl et al., 2003). The presence of parasites is rarely detected in
blood, therefore blood PCR has a low negative predictive value (Liu et al., 2015; Mousavi et
al., 2016). Several other single-copy genes, such as SAG1, SAG2 and GRA1, were also used
as PCR targets (Liu et al., 2015). The nested-PCR assay has been reported as the most
significant and sensitive assay for diagnosing toxoplasmosis (Homan et al., 2000; Mousavi et

al., 2016). To further improve the sensitivity and specificity a nested PCR based on the
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repeating element of 529 bp and the ITS-1 sequences were developed (Fallahi et al., 2014).
The genetic marker of 529 bp is repeated 300 times in the genome of T. gondii presenting
high sensitivity for the detection of the parasite (Su et al., 2010). ITS-1 is a target sequence
widely used as molecular marker in phylogenetic studies because it is a less conserved region
and has significant differences between species (Teixeira et al., 2013).

For a given targeting gene, nested-PCR is more sensitive than conventional PCR (Liu et
al., 2015). In a study conducted on children with cancer to identify T. gondii infections, the
nested-PCR method showed the proper sensitivity and specificity for detecting toxoplasmosis
(Fallahi et al., 2014). Finaly, the sequence of the PCR product should be checked to provide

adequate diagnostic specificity.

1.2.5.5.2. Real-time PCR

The quantitative real-time PCR (gPCR) technique is highly sensitive, specific and
reproducible for the quantitative detection of DNA and RNA (Contini et al., 2005; Romand et
al., 2004). The method is more sensitive because it is optimized for maximum efficiency and
is more specific because the most formats include specific annealing of at least three
oligonucleotides (two primers and one probe). In addition, its reproducibility is related to the
fact that the quantification data correspond to the initial exponential phase of the PCR, in
which the variability is lower than in the readings of the final cycles. Another advantage is
that real-time PCR detection and / or quantification eliminates post-amplification processing,
such as electrophoresis, reducing manipulation with unnecessary steps (Contini et al., 2005;
Romand et al., 2004). The reaction tubes are not opened from start to finish for further
processing, reducing the risk of aerosol contamination of amplified products (Romand et al.,
2004; Contini et al., 2005). The gPCR combines conventional PCR methodology with
fluorescence DNA detection and quantification. The methodology allows the processes of
amplification, detection and quantification of DNA to be performed in a single step, speeding
up the results and giving greater precision.

The gPCR has been successfully used to detect T. gondii DNA in human blood,
cerebrospinal fluid, aqueous humor, amniotic fluid and other samples (Gomez et al., 2019;
Liu et al., 2015; Kasper et al., 2009; Kompalic-Cristo et al., 2007). gPCR is also used to
evaluate toxoplasmosis progression and treatment efficacy, since it can estimate the intensity
of T. gondii infection (Menotti et al., 2003).

The qPCR assay using the B1 gene is considered the best-performing technique for the

diagnosis of congenital toxoplasmosis, compared to conventional PCR and nested-PCR
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(Bastien et al., 2008; Teixeira et al., 2013). As a fast closed tube system, qPCR produces
reproducible quantitative results and therefore is suitable for standardization (Bretagne &
Costa, 2006; Liu et al., 2015).

Molecular diagnosis of toxoplasmosis is very useful in cases of low parasitemia, where
it may be the method of choice, allowing the detection of the parasite and pointing to a more
accurate interpretation of the stage of infection by T. gondii, indispensable for preventing the
birth of a child with congenital toxoplasmosis. On the other hand, in countries where
therapeutic abortion is allowed, unnecessary abortions could be avoided (James et al., 1996).

Many authors have evaluated PCR as a diagnostic technique for toxoplasmic
encephalitis, pulmonary toxoplasmosis and even congenital toxoplasmosis, using different
protocols (Cardona et al., 2011; Robert-Gangneux and Belaz, 2016). These exciting results
suggest that fetal infections can be diagnosed early in pregnancy, through the analysis of
amniotic fluid, without the need to obtain fetal blood samples or more invasive procedures.
The PCR is particularly useful in AIDS patients, since their ability to generate IgM is limited,
in addition to the difficulty encountered in interpreting serological studies. Quantitative PCR
assays are essential for the diagnosis of toxoplasmosis and therapeutic monitoring (Pomares et
al., 2020; Robert-Gangneux and Belaz; 2016).

1.2.6. Imaging techniques

Imaging techniques, such as computed tomography (CT), magnetic resonance imaging
(MRI) and ultrasonography (US), are not specific but may facilitate the diagnosis of
toxoplasmosis and monitoring the therapeutic effect (Blaakaer, 1986; Liu et al., 2015, Virkola
et al., 1997). Because immunocompromised patients often develop brain encephalitis and
abscesses when infected with T. gondii, CT and MRI can be used to locate the lesions. CT is
often used as the initial screening test, and MRI is best suited for the determination of extent
of damage (Porter & Sande, 1992). For congenital toxoplasmosis, US are recommended for
prenatal diagnosis (Abboud et al., 1995) and CT can detect diffuse hydrocephalus and
cerebral calcifications of toxoplasmosis in infants (Collins, & Cromwell, 1980; Liu et al.,
2015).

1.2.7. Treatment and follow-up

Before 18 weeks, pregnant women are treated with spiramycin until the diagnosis can
be confirmed with ultrasound and PCR laboratory testing. Once the diagnosis is confirmed,
patients are treated with a scheme of spiramycin, pyrimethamine, sulfadiazine and folinic acid.

Infected children are treated for a total of 12 months with a regime of pyrimethamine,
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sulfadiazine and folinic acid (Leeper & Lutzkanin, 2018). One month after treatment, the
infant must be reexamined, including serology, head CT and detailed eye / ear / neurological
exams (SYROCOQOT, 2007).

1.2.8. Prevention and control measures

The congenital toxoplasmosis (CT) prevention can be divided into three categories:
primary, secondary and tertiary. Primary prevention is basically characterized by education
and public health programs, in which pregnant women are advised to avoid contact with
potentially contaminated materials (Aguirre et al., 2019). These guidelines when applied in
prenatal care contribute to the 63% reduction of the infection in pregnancy (Jones & Dubey,
2010; Mandelbrot, 2012). Secondary prevention consists of trying to avoid transplacental
transmission of the parasite by making an early diagnosis of acute infection in the pregnant
woman and instituting antiparasitic treatment in order to prevent congenital infection and / or
reduce the incidence of severe forms in the child. Tertiary prevention consists of making an
early postnatal diagnosis by measuring specific IgA and IgM antibodies in the blood of
newborns (NBs), allowing the introduction of a therapeutic regimen to prevent or minimize
sequelae (Hill & Dubey, 2002).

Prevention programs are effective in reducing the incidence of toxoplasmosis. However,
patients are unaware of the disease, sources of infection and preventive measures. Thus,
health education actions are essential and should be directed to the population trying to reduce
the prevalence of toxoplasmosis. Prevention and control measures must be directed to
transmission routes (Aguirre et al., 2019; Hill & Dubey, 2002). One of the recommended
measures is to avoid the consumption of raw or undercooked animal products, such as goats
and cattle. However, it is noteworthy that cattle may not be potential sources of infection, as
demonstrated by Dubey (Dubey, 2010). The identification of risk factors is crucial for the
effective implementation of toxoplasmosis control measures, allowing the general population
and people in special situations (susceptible pregnant women, immunocompromised patients)
to be guided about primary prevention care (Pleyer et al., 2020; Tenter et al., 2000; Villard et
al.,, 2016). In the prophylaxis related to the ingestion of cysts and tachyzoites, the
recommendations are to eat meat well cooked (67° C for 10 min), consume well-cooked or
salted sausages (2.5% salt for 48 hours), freeze the meat (- 18°C for seven days); wash hands
and preparation surfaces (boards and knives) after handling raw meat; do not try raw meat;
boiling or pasteurizing goat's milk before consumption; perform serological monitoring and

treatment of the pregnant woman to avoid transmission to the fetus (Aguirre et al., 2019).
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For prevention the infection by ingestion of oocysts, one must: feed cats only with well-
cooked food or meat; wash fruits and vegetables well under running water; cleaning cats' litter
boxes daily; control flies and cockroaches or other species that can serve as mechanical
vectors for T. gondii; ingest only treated or boiled water.

Given that in the world there is a wide variation in the types and quantities of meat
consumed and the way in which they are prepared, each country must make its own risk
assessment and, based on the conclusions, plan management actions for the efficient
prevention of infection by T. gondii via meat (Aguirre et al., 2019). Another important point is
the guidance for owners to verify the origin of cats before adoption or acquisition, thus
seeking to prevent the infection of other animals, including man (Pleyer et al., 2020).
Moreover, among the forms of parasite control are sanitary handling practices for farm
animals, such as the control of rodents and felines on the premises and mainly health

education (Hartmann et al., 2013; Perdoncini et al., 2010).

1.3. Rubella

Rubella is caused by a virus of the Togaviridae family, genus Rubivirus. It is a benign
disease characterized by a macular rash accompanied by low fever, joint pain, pharyngitis and
cervical adenopathies. The infection can in some cases be asymptomatic, although it can
become severe when it occurs during pregnancy (Lambert et al., 2015). The teratogenic
properties of the rubella virus were first discovered in Australia in 1941 by Gregg who
associated the occurrence of rubella during pregnancy with the presence of congenital
cataracts (Bukasa et al., 2018). The most common form of transmission is through direct
contact with droplets with the respiratory secretions of infected people. In addition,
transmission can also be congenital (Karacan et al., 2014; Yeshwondm et al., 2016).

The severity of fetal infection is related to the time of pregnancy in which maternal
infection occurs, being more severe in the period of organogenesis (1st trimester of
pregnancy), due to the high tropism of the virus to fetal tissues (Yeshwondm et al., 2016).
Rubella infection in pregnant women can cause devastating results, such as spontaneous
abortion, fetal death and birth defects (Winter et al., 2018). If the primary infection is
contracted in the first three months, the likelihood of the appearance of “Congenital Rubella
Syndrome (CRS)” is high (Karacan et al., 2014; Rasti et al., 2016). A NB with CRS may
present major malformations (cataracts, congenital glaucoma, heart disease, deafness,

microcephaly, retinopathy), minor type (purple, thrombocytopenia, jaundice splenomegaly in
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the first 24 hours of life) or present with jaundice asymptomatic condition at birth, in which
later clinical manifestations such as partial deafness or psychomotor delay may appear
(Karacan et al., 2014).

CRS remains a public health problem in a significant number of countries. Therefore,
global health experts encourage the use of rubella vaccination, with the main objective of
preventing CRS (Martinez-Quintana et al., 2015; Winter et al., 2018). Rubella is a vaccine-
preventable infection and is considered potentially eradicable. As a result of the vaccination
program in many high-income countries and in some low- and middle-income countries, the
estimated number of CRS cases has declined globally from around 119000 cases in 1996 to
around 105000 cases in 2010 (Tamirat et al., 2017; Vynnycky et al., 2016). The scale
vaccination program in the Americas and Europe has managed to dramatically reduce or
eliminate both the virus and CRS. In contrast, the highest risk of CRS is found in countries
where the rubella-containing vaccine (VCR) has not been introduced in the national
immunization program or vaccination coverage is low (Tamirat et al., 2017). There is a
growing recognition of the importance of going beyond national analyzes and considering
heterogeneity within countries to assess public health interventions with VCR (Winter et al.,
2018; Plotkin, 2014). High acceptance can disrupt endemic rubella transmission and prevent
CRS cases, as demonstrated by the WHO (Su et al., 2018; Winter et al., 2018). In contrast,
countries in the WHO regions of Southeast Asia and Africa, which have been the slowest to
add VCR to their national vaccination programs, have the highest incidence of CRS, suffering
84% of the estimated 105.000 global incidence cases of CRS in 2010 (Vynnycky et al., 2016;
Winter et al., 2018).

1.3.1. Epidemiology

Rubella occurs worldwide, with a seasonal distribution. The incidence of infection
tends to peak in winter in cold or early spring countries and during spring in countries with
temperate climates (Zanga et al., 2017). The prevalence estimated through the seropositivity
of the population varies between countries according to their geographic characteristics and
the outbreaks still occur among unvaccinated individuals (Zanga et al., 2017). In 1969, prior
to the introduction of the rubella vaccine, widespread outbreaks generally occurred every 6 - 9
years in the United States of America (USA) and 3-5 years in Europe, mainly affecting
children aged 5-9 years. Since the introduction of the vaccine, occurrences have become rare
in countries with high rates of infection (Plotkin, 2014; Winter et al., 2018). A rubella
pandemic started in Europe between 1962 and 1963 and in the USA between 1964 and 1965.
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Among the Americans, there were about 12.5 million cases with 11.000 fetal deaths; about
20.000 newborns were born with malformations compatible with CRS; 11.000 with deafness;
3.500 with blindness; 1.800 with mental retardation and 2.100 died in the neonatal period
(Winter et al., 2018). The costs of controlling this epidemic were very high (estimated at
approximately two billion dollars), making it one of the biggest epidemics of the disease on
record. As consequence of the epidemic, in 1966, rubella and CRS became notification
diseases in the USA. In this way, it was possible to establish the registration of cases and the
dynamic monitoring of rubella and CRS due to the strategies adopted. These records point to
1969 as the year with the highest number of cases: 57.686. The incidence of rubella until 1968
was 24.4 cases / 100.000 inhabitants, with children aged from 5 to 9 years being the most
affected, with 101.3 cases / 100.000 inhabitants (Orenstein et al., 2018). Between 1969 and
1988 there was a 99% reduction in the incidence of rubella. This great decrease was a direct
result of the strategies adopted for rubella control, which was accompanied by a reduction in
the incidence of CRS. During the 1964 epidemic, this incidence was 16 cases / 100.000 live
births, falling to 2.7 cases / 100.000 live births in 1969 (Grant et al., 2019; Wu et al., 2016). In
the 1980s and early 1990s, rubella vaccination strategies in the Americas evolved rapidly. The
leadership was taken by the English-speaking Caribbean countries, which included rubella
vaccine in their efforts to eliminate measles. The Caribbean strategy was effective and
included two main components:

a) mass vaccination in both sexes, aged up to 40 years, with the double viral or triple
viral vaccine, to provide protection and decrease the risk of pregnant women becoming
infected with the rubella virus;

b) the introduction of the rubella vaccine in the regular immunization schedule of
children and young people (Su et al., 2018).

The successful implementation of the highly effective VCR (chickenpox, mumps and
rubella) can best be exemplified by the experience in Finland, where the 2-dose scheme
introduced since 1982 reduced all CRS diseases to 0.1 per 100.000 inhabitants in 1995 (Hui et
al., 2017). A more recent example is Spain, where a 54% increase in VCR vaccine coverage
from 2003 (one dose) to 2013 (two doses) resulted in 95.5% of mothers and 96.4% of their
newborns having protective levels of anti-rubella 1gG (Plans et al., 2015). In contrast,
ironically, there are emerging reports of decreased rubella immunity and decreased incidence
of protective antibody levels (> 10 IU / ml) among women born after the introduction of
routine universal rubella immunization in European and Asian countries (Hui et al., 2017,

O'Connor et al., 2018; Skidmore et al., 2014). In fact, national investigators in Ireland showed
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that rubella seronegativity was 14.7% among pregnant women aged <25 years compared to
5.0% of older pregnant women (Hui et al., 2017; O'Connor et al., 2018). The above
observations have led to the concern that the CRS vaccination program can only be effective
in preventing childhood rubella (Hui et al., 2017; Skidmore et al., 2014). In the USA, after the
vaccine was licensed in 1969, the incidence decreased by 99% until reaching 20 years of age
and in Chile approximately by 100% (Andrus et al., 2016; Bouthry et al., 2014; Seppal4 et al.,
2019). In some African countries, rubella seropositivity in women of reproductive age is
between 71-99%. Countries with higher incidence included Mozambique (95%) and South
Africa (97-98%) (Zanga et al., 2017). In 2011, a measles surveillance campaign implemented
in the Kinshasa, capital of Democratic Republic of Congo (DRC), showed that 24% of blood
samples screened were positive for rubella IgM antibodies (Pukuta et al., 2016; Zanga et al.,
2017). Although knowledge of the geographic distribution of rubella virus genotypes has
grown substantially since 2003, the genotypes present in many countries and regions remain
unknown (Cheng et al., 2013; Zanga et al., 2017). In 2011, WHO updated the guidelines on
the preferred strategy for the introduction of VCR in national vaccination programs and
recommended an initial vaccination campaign, aimed at children aged 9 months to 14 years.
The Global Vaccine Action Plan 2011-2020 (GVAP), approved by the World Health
Assembly in 2012, includes goals to eliminate rubella in at least five of the six WHO regions
by 2020 (WHO, 2020; Zanga et al., 2017).

Global coverage with VCR increased from 21% in 2000 to 40% in 2012 and to 47% in
2016. In 2000, just over half (99. 51%) of countries had introduced VCR into their
vaccination schedule; by the end of 2012, more than two thirds (132. 68%) of countries were
using VCR. By 2014, at the time of the last world update, eight of the other countries
introduced VCR, bringing the total number of countries using VCR to 140 (72%) (WHO,
2020; Zanga et al., 2017). VCR was introduced into the routine vaccination schedule in 152
(78%) countries, including 13 (28%) in the African Region, 16 (76%) in the Eastern
Mediterranean Region, 8 (73%) in Southeast Asia and all 115 countries in the Region of the
Americas, Europe Region and Western Pacific Region. In December 2016, 152 (78%) of the
194 countries introduced VCR into the national immunization calendar, representing an
increase from 53 countries since 2000, including 20 countries that introduced VCR after 2012
(WHO, 2020). The rubella and CRS elimination targets were set by the European Region
(target date: 2015) and Western Pacific Region (target date to be determined), while the
Southeast Asia Region has a rubella and CRS control target (WHO, 2020; Zanga et al., 2017).

Neither the African Region nor the Eastern Mediterranean Region has set regional goals or
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targets for rubella. Since rubella cases are detected through measles surveillance and because
the rubella vaccine is generally administered as a combined measles and rubella vaccine, the
elimination activities for both diseases are programmatically linked, and the elimination
activities for measles can be used to support rubella elimination (WHO, 2020). Rubella and
CRS surveillance is necessary to assess disease burden prior to the introduction of VCR, and
to monitor disease burden and epidemiology after their introduction. Also, the surveillance
important to identify pregnant women infected with rubella virus that need follow-up to assess
pregnancy outcomes and identifying, diagnosing and managing CRS in affected babies.
Countries report information on immunization schedules, vaccination campaigns, and number
of vaccine doses administered through routine immunization services and other WHO
monitoring data in conjunction with the United Nations International Children's Emergency
Fund (UNICEF) each year using the Joint Report Form (JRF) * Joint Report Form ” (Zanga et
al., 2017). Surveillance data, including the number of rubella and CRS cases, are also reported
to WHO and UNICEF through the JRF using standard case definitions (WHO, 2020; Zanga et
al., 2017).

Routine administration of VCR is recommended as a combined vaccine or
simultaneously, at the same visit; this recommendation was implemented in 144 (95%) of the
152 countries that introduced the vaccine. Based on the vaccination programs of each country,
the first dose of measles, mumps and rubella vaccine is scheduled for 8-11 months in 27
(18%) countries and at 12-18 months in 125 (83%) countries. VCR is supplied as a vaccine
combined with a measles vaccine in 30 countries (20%) and combined with a measles and
mumps vaccine (with or without chickenpox vaccine) in 122 countries (80%) (WHO, 2020;
Zanga et al., 2017). The WHO recommends that all countries that have not yet introduced
rubella vaccine should consider doing so using existing and well-established measles
immunization programs. To date, three WHO regions have set goals to eliminate this
preventable cause of birth defects. In 2015, the WHO Region of the Americas became the first
in the world to be declared free of endemic rubella transmission (WHO, 2020; Zanga et al.,
2017). The number of countries that use rubella vaccines in their national program continues
to increase steadily. As of December 2016, 152 of the 194 countries had introduced rubella
vaccines; however, national coverage ranges from 13% to 99%. Reported rubella cases
decreased by 97%, from 670.894 cases in 102 countries in 2000 to 22.361 cases in 165
countries in 2016. CRS rates are highest in WHO regions of Africa and Southeast Asia where
vaccination coverage is lowest (WHO, 2020; Zanga et al., 2017). In Angola, there are no

known rubella seroprevalence studies in the population. In fact, in April 2012, the Measles
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Initiative - now known as the Measles and Rubella Initiative - launched a Global Strategic
Plan for Measles and Rubella, covering the period 2012-2020. The Plan includes global
targets for 2015 and 2020 (WHO, 2020; Zanga et al., 2017).

1.3.1.1. Transmission

Rubella is transmitted mainly by direct contact with individuals infected by droplets of
nasopharyngeal secretions. The upper respiratory tract and nasopharyngeal lymphoid tissue
appear to be the first sites of virus replication, and the virus then spreads to regional lymph
nodes. Indirect transmission, through contact with objects contaminated with nasopharyngeal
secretions, blood and urine is uncommon (Lambert et al., 2015). Rubella is also transmitted
via the transplacental route from the mother to the fetus. The child with congenital rubella can
eliminate the virus through urine and nasopharyngeal secretions (Yamamoto et al., 2013;
Yeshwondm et al., 2016). Rubella's incubation period varies from 12 to 23 days, lasting an
average of 17 days. After exposure to the virus, usually occurs a maculopapular rash, first on
the face and spreading to the rest of the body (Lambert et al., 2015; Thompson et al., 2017;).
The greatest transmissibility is observed in the period between seven days before the
appearance of the characteristic rash of the disease until the seventh day after its
disappearance. Children with congenital rubella can eliminate the virus for more than 1 year,
and transmission is greatest in the first months of life. Passive immunity is acquired by
maternal antibodies and active immunity by natural infection or vaccination. Children of
immune mothers generally remain protected by maternal antibodies for the first 6 to 9 months
of life. Active immunity is long-lasting and is believed to remain lifelong (Thompson et al.,
2017).

Transmission of the virus to the fetus occurs after transplacental passage of the virus
during maternal viremia. This transmission is directly influenced by gestational age at the
time of primary maternal infection. The rate of maternal-fetal transmission is 90% in the first
12 weeks of gestation, with a decline between 12 to 28 weeks of gestational age and
increasing again at the end of the 3rd trimester of pregnancy, when it can reach up to 100% of
foetuses. In cases of maternal infection (1 to 3% of individuals), replication of the virus in the
pharynx persists for a short period and without demonstrable viremia, thus being the
insignificant risk to the fetus (Thompson et al., 2017). The infected NB will become a
reservoir of the virus, spreading the disease later: viral elimination can occur up to 18 or 24

months of age (80% transmissibility in the first month of life; 62% from the first to the fourth
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month; 33% between the fifth and eighth month; 11% between nine and twelve months and
3% in the second year of life) (Thompson et al., 2017).

1.3.2. Clinical manifestations

Rubella is characterized by a diffuse maculopapular and punctiform rash, which
begins on the face, scalp and neck, and subsequently spreads to the entire body. Low fever
and the presence of retroauricular, cervical and occipital lymphadenopathy, which usually
precede the rash (5 to 10 days) are signs that contribute to the differential diagnosis in relation
to other rash diseases (Getahun et al., 2016; Lambert et al., 2015). In general, a prodromal
period is not observed in children with rubella. Adolescents and adults may present
prodromes with low fever, headache, generalized pain (arthralgia and myalgia), conjunctivitis,
runny nose and cough. About 25% to 50% of rubella virus infections are subclinical. Viremia
occurs for about 7 days before the rash appears which disappears when the humoral immune
response begins to develop (Getahun et al., 2016; Grangeot-Keros et al., 2014). Rubella can
cause complications, with transient joint involvement, such as arthritis and arthralgia, being
the most frequent. Interestingly, these symptoms are more prevalent and severe in women
infected with rubella virus than in men (Grangeot-Keros et al., 2014). More serious
complications, including thrombocytopenic purpura and post-infectious encephalopathy or
encephalomyelitis, are occasionally associated with rubella acquired in the postnatal period. A
rare and generally fatal neurodegenerative disease, called progressive rubella panencephalitis,
has also been reported as a late complication of rubella in childhood (George et al., 2019).

The main concern represented by rubella is its teratogenicity, with maternal infection
in early pregnancy leading to CRS in children (George et al., 2019). There is more than an
80% risk of birth defects when viral infection is acquired in the first 12 weeks of pregnancy
(1st trimester) (Boucoiran & Castillo, 2018). The time when the infection occurs during
pregnancy can influence the outcome. The earlier in pregnancy the maternal infection occurs,
the more severe the damage to the fetus. The risk of fetal infection and the severity of
congenital abnormalities decreases after the first trimester; after 17 weeks of gestation, the
risk of developing any defects is low (Boucoiran & Castillo, 2018). The effects of rubella
infection in pregnancy are unpredictable, ranging from normal birth, spontaneous abortion,
death shortly after birth or even birth with simple or combined abnormalities, such as damage
to the central nervous system, leading to delayed physical growth and mental, microcephaly,
encephalitis, hepatomegaly, cardiac malformations, pneumonia, eye and hearing defects

(Yamamoto et al., 2013). Insulin-dependent diabetes mellitus commonly occurs as a late
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sequel to CRS, and defects such as deafness may not be detected initially. CRS cases have
been reported after maternal reinfection, although this appears to be a rare phenomenon
(Grant et al., 2015). As with primary rubella infection, gestational age at the time of
reinfection influences the likelihood of fetal abnormalities. No case of rubella reinfection that
causes CRS has been reported after 12 weeks (Kaushik et al., 2018).

1.3.3. Diagnosis

Many diseases have a clinical presentation similar to rubella and up to 50% of rubella
infections can be sub-clinical (Epidemiology & prevention of Vaccine, 2019). The diagnosis
of rubella in general is usually done through the clinical picture. That is later confirmed by
laboratory tests, such as the search for anti-rubella antibodies. Laboratory tests, serology and /
or viral isolation and PCR, are essential for establishing the diagnosis (Bouthry et al., 2014;
Kaushik et al., 2018). Rubella virus can be isolated from nasal fluid, blood, throat, urine and
cerebrospinal fluid samples from patients with rubella and CRS. The virus can be isolated
from the pharynx 1 week before and up to 2 weeks after the rash starts. Although virus
isolation is a diagnosis of rubella infection, viral cultures are laborious and therefore are not
done in many laboratories; they are generally not used for the routine diagnosis of rubella.
However, viral isolation is an extremely valuable epidemiological tool and should be used in
all suspected cases of rubella or CRS (Bouthry et al., 2014). Serology is the most common
method of diagnosing rubella. Acute rubella infection can be confirmed by a significant
increase in the antibody titre against rubella in serum samples or by the presence of serum
anti-rubella IgM. The serum should be collected as soon as possible (within 7 to 10 days) after
the onset of the disease and again 14 to 21 days (minimum of 7) days’ later (Hiibschen et al.,
2017).

However, false positives can occur in IgM detection, depending mainly on the
methodology used for the detection of immunoglobulins in serum (Hubschen et al., 2017).
False positive IgM tests for rubella occurred in people with parvovirus infections, with a
positive heterophile test for infectious mononucleosis or with positive rheumatoid factor. The
serological tests available for laboratory confirmation of rubella infections vary between
laboratories (Epidemiology & prevention of Vaccine, 2019). The ELISA is sensitive, widely
available and relatively easy to perform, and can also be modified to measure IgM antibodies.
(Epidemiology & prevention of Vaccine, 2019). During prenatal care, it is recommended to
request maternal serology for rubella in the first consultation, with the aim of knowing the

immune status of the pregnant woman (Hubschen et al., 2017).
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1.3.3.1. Differential diagnosis

The differential diagnosis must be made for other febrile exanthematic diseases such
as measles, scarlet fever, dengue, sudden rash (children up to 2 years old), infectious
erythema, enteroviruses (coxsackie and echo) and also for other diseases that can cause
congenital syndromes, such as infectious mononucleosis, toxoplasmosis and cytomegalovirus
infection (Lambert et al., 2015).

1.3.3.2. Diagnosis of maternal and fetal infection

In pregnant women, laboratory diagnosis is made by isolating the virus or by
serological methods for detecting specific antibodies, and it is necessary to ensure the
collection of the blood sample at the first visit. The most used test is the ELISA for the
detection of specific IgM and IgG antibodies and / or for the identification of the virus from
the secretion of the nasopharynx and urine, until the fifth day, preferably, on the third day of
the onset of the rash (Epidemiology & prevention of Vaccine, 2019; Lambert et al., 2015).

In case of contact of the pregnant woman with a suspected rubella patient, blood
collection should be done within a short period of time after contact. Samples collected after
28 days, although considered late, should also be sent to the laboratory for IgM research
(Bukasa et al., 2018). The rubella virus-specific IgM antibodies appear soon after the onset of
the disease. The presence of positive IgM means that there has been a recent infection, but
they are generally not detected after 4 to 6 weeks of the rash onset. IgG antibodies usually
persist for life. It is important to remember that non-reactive results for IgM do not rule out
the possible recent rubella virus infection (Bukasa et al., 2018; Yeshwondm et al., 2016). The
prenatal diagnosis aims to clarify with greater accuracy whether or not there was fetal
involvement. Thus, the decision for an abortion can be guided more appropriately, based on
scientific data and not just on probability. According to the Rubella Control Plan Standard,
the diagnosis of pregnant women in prenatal care is indicated when (Bukasa et al., 2018;
Yeshwondm et al., 2016):

[] Seroconversion is confirmed during the prenatal period, up to the 16th week;

] There is confirmation of the late maternal diagnosis of rubella or contact with the
infected patient;

[] There is doubt in the maternal diagnosis, but in a period of significant risk for the
fetus;

[1 Reinfection is suspected or confirmed.
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The diagnosis of fetal infection can be made through cordocentesis performed after the
22nd week of pregnancy. Before that the immaturity of the fetal immune system combined
with the immunological depression caused by the virus can generate false-negative results.
The intrauterine diagnosis is based on the finding of changes in fetal blood: positive IgM for
rubella; isolation of the virus; or identification of viral Ribonucleic acid (RNA). Some
nonspecific signs of the infection may also be present in fetal blood: anemia,
thrombocytopenia, elevated Gamma Glutamyl Transferase, Lactic Dehydrogenase and
Interferon.

Due to the fact that the vaccine consists of live viruses, there is concern about the
theoretical possibility of CRS after inadvertent administration during pregnancy (Bukasa et al.,
2018; Yeshwondm et al., 2016). Thus, it is recommended that women who received the
vaccine avoid conception for a period of up to one month after the vaccine dose. Although
several studies have demonstrated the safety of the vaccine, this procedure would avoid
doubts in the diagnosis of any problem that could occur with the NB (Yeshwondm et al.,
2016). Women who are pregnant or become pregnant soon (up to 30 days) inadvertently get
the vaccine must be carefully monitored by a doctor (Bukasa et al., 2018). As for postnatal
diagnosis, the fetus is capable of producing specific antibodies, IgM and IgG for rubella, even
before birth. The presence of specific IgM in the NBs blood shows congenital infection, since
this immunoglobulin does not cross the placental barrier. In 100% of children with CRS, IgM
antibodies can be detected up to the 5th month and in about 60%, between 6 and 12 months,
and are rarely detected after the 18th month (Bukasa et al., 2018). Laboratory diagnosis of
suspected CRS cases is made by taking a blood sample for investigation shortly after birth, in
cases where maternal infection is suspected or confirmed during pregnancy, or at the time of
suspected diagnosis in children less than one year of age (Yeshwondm et al., 2016). Serology
detects IgM levels in the NB or by monitoring IgG levels for a prolonged period of up to 2
years. Stable or elevated levels of 1gG confirm the diagnosis while their drop suggests the

presence of maternal IgG (Bukasa et al., 2018).

1.3.3.3. Real-Time PCR

Real-time PCR (RT-PCR) technology is an evolution of the PCR method. Its principle
is based on the duplication of DNA strands in vitro that can be repeated several times,
generating enough DNA to perform several analyzes. With just a single fragment of DNA it is

possible to reproduce millions of copies (Namuwulya et al., 2014). RT-PCR tests are much
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more sensitive, specific and quick, especially when compared to conventional tests, taking 2
to 3 hours to output the result. They are widely used in the diagnosis of infectious diseases, in
which the culture of the causative agents can be very difficult or even impossible (Zheng et al.,
2013). The progress in the diagnostic techniques of rubella, has allowed, in addition to
serology, the detection of viral RNA in clinical samples by the PCR method, enabling rapid
and highly sensitive detection. RT-PCR is currently the most widely used laboratory
technique to confirm acute rubella infection (Rota et al., 2011). Suitable samples include
throat / nose secretions, nasopharyngeal aspirates, urine or peripheral blood mononuclear cells
(Hubschen et al., 2008; Takao et al., 2012).

The diagnosis of congenital rubella infection is mainly based on the detection of
rubella virus in Amniotic Fluid (AF) by RT-PCR (Bosma et al., 1995; Mace et al., 2004) (or
detection of rubella virus-specific IgM antibody in fetal blood (Daffos et al., 1984; Morgan-
Capner et al., 1985). The fast and accurate identification of the rubella virus is very important
in pregnant women as it helps to guide prenatal treatment and identify the need for long-term
follow-up. In addition, in many countries, maternally rubella clinically confirmed in the first 8
weeks of pregnancy is considered an indication for therapeutic abortion due to the high
incidence of birth defects (Curti et al., 2014; Hubschen et al., 2017). The RT-PCR require
little manipulation, thus reducing the risk of contamination, and generally reach small
fragments, thus allowing detection even in case of partial RNA degradation (Hubschen et al.,
2008; Mosquera et al., 2002). The high sensitivity of this technique allows excellent results,
but it is also subject to the presence of inhibitors and contamination that can affect its
efficiency (Hubschen et al., 2017).

1.3.4. Treatment

Currently, there is no specific treatment for rubella. The signs and symptoms presented
must be treated according to the symptomatology and appropriate therapy (Hui et al., 2017).
The most important thing, however, will be to promote control and minimize possible
sequelae in case of teratogenic effects, with interdisciplinary monitoring therapy (Hui et al.,
2017).

1.3.5. Prevention and control
Rubella is a vaccine-preventable infection and considered potentially eradicable
(Winter et al., 2018). CRS remains a public health problem in a significant number of

countries. Therefore, global health experts encourage the use of rubella vaccination, with the
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main objective of preventing CRS (Martinez-Quintana et al., 2015; Winter et al., 2018).
Promoting health education in the population, clarifying the population about the importance
of vaccinating children and women, is the main control measure to decrease the circulation of
the rubella virus, in order to prevent CRS (Hui et al., 2017). Immunity is acquired by natural
infection or by vaccination, being durable after natural infection and remaining for almost a
lifetime after vaccination. The vaccine is composed of attenuated viruses, grown in rabbit
kidney cells or in human diploid cells. It can be produced in monovalent form, associated with
measles (viral double) or with measles and mumps (triple viral). The vaccine is presented in
lyophilized form, and must be reconstituted for use. After its reconstitution, it must be kept at
a positive temperature of 2 ° to 8 ° C, at the local and regional levels. At the central level, the
recommended temperature is minus 20 ° C. It must be kept protected from light, so as not to
lose activity (Hui et al., 2017). The vaccine is used in a single dose of 0.5 mL subcutaneously
Children of immune mothers generally remain protected by maternal antibodies around six to
nine months after birth (Hui et al., 2017; Tamirat et al., 2017).

The triple viral vaccine is recommended for all children (two doses), adolescents and
adults (men and women), especially women who have not had contact with the disease.
Pregnant women should not be vaccinated and vaccinated women should avoid pregnancy
until the month following vaccination due to the risk of contamination of the fetus (even if the
virus is weakened it can cross the placenta (Epidemiology & prevention of Vaccine, 2019).
All infected people should avoid public places (such as schools, work and busy streets) during
the disease period. The vaccine is highly effective and is unlikely to generate side effects.
Non-immunized adults and adolescents can also get the vaccine (Epidemiology & prevention
of Vaccine, 2019). The scale vaccination program in the Americas and Europe has managed
to dramatically reduce or eliminate both the virus and CRS. In contrast, the greatest risk of
CRS is found in countries where VCR has not been introduced in the national immunization
program or the vaccination coverage is low (Tamirat et al., 2017). Despite the high prevalence
of rubella in Africa, the infection had never been studied in Angola. Thus, a study was carried
out between May 2016 and August 2017, regarding the assessment of rubella seroprevalence
in 396 pregnant women in the province of Luanda.

The results showed that there are a high number of women (87.6%) with previous
exposure to rubella (Vueba & Sousa, 2018a). In Angola, the rubella vaccine was included, as
of the year 2017, in the National Vaccination Calendar, a decision by the Ministry of Health
(MINSA) that aims to prevent the increasing birth of children with malformation or with

congenital rubella. This decision by MINSA is based on the strategy for the combined
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immunization of the vaccine against rubella and measles, because the symptoms of rubella are
confused with those of measles and with the naked eye it is not possible to make the
distinction correctly, being only possible with laboratory tests, to be distinguished accurately.
However, despite the lack of official data on cases of congenital rubella, it is estimated that
the situation is not yet “as alarming” according to MINSA of Angola (UNICEF, 2018). It is
important to emphasize that the introduction of vaccines in any country depends a lot on the
epidemiological situation, on the existence of qualified human resources, on sustainable
financing and on cold chain conditions to ensure the conservation and quality of the vaccine
to be introduced (MINSA, 2017; UNICEF, 2018).

Despite the progress made on rubella elimination and the significant gains made,
rubella elimination is not close to achieving the ambitious targets set in the WHO GVAP
2011-2020. The VCR vaccine is highly effective and safe. Significant health policies and
public health campaigns in the Americas have shown that rubella virus transmission can be
stopped and the disease eliminated. Additional efforts should be made to ensure that people
have the opportunity to be fully immunized according to their countries' immunization
schedule. In addition, it would be beneficial to have a non-living viral vaccine that could be
used in all patients and populations. On the other hand, further advances are needed in
diagnostic tests of high sensitivity and low cost.

It is essential to encourage adherence by countries that do not yet comply with the
WHO GVAP, demonstrating the need for global cooperation in creating a rubella-free world.
The strategies included in the GVAP are sound, although their full implementation is often
limited by the lack of global and national political will reflected in the lack of resources.
Reorienting the rubella elimination program in these countries is essential to increase the
emphasis on surveillance, so that programmatic and strategic decisions can be guided by the
data.

1.4. Human Cytomegalovirus (HCMV)

Human Cytomegalovirus (HCMV), a virus of the Herpesviridae family, has a
worldwide distribution and infects humans of all ages and all socioeconomic groups without
seasonal or epidemic transmission patterns. HCMV is considered an opportunistic pathogen
and can cause serious problems in immunocompromised patients. In addition, it is also seen

as an important pathogen, particularly when manifested during pregnancy (Marsico &
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Kimberlin, 2017). Mother-to-child transmission of HCMV may occur during pregnancy by
via transplacental or during passage through the birth canal by contact with cervical secretions
(Yamamoto et al., 1999). Congenital HCMV transmission is usually the result of a primary
infection of a seronegative pregnant woman, but a reactivation of a latent infection of a
seropositive pregnant woman or reinfection with a new viral strain can also occur, although
these cases tend to be rarer (Codaccioni et al., 2019; Hamilton et al., 2014).

Consequences or sequel of congenital HCMV infection include congenital
malformations, psychomotor retardation, deafness, foetal death, infant death, and neurological
and sensory impairment (Marsico & Kimberlin, 2017). Frequency of vertical transmission and
severity of infection are more common in primary maternal infection (Fowler et al., 2017).
However, non-primary infection is more common than primary infections and therefore
probably contributes to more total cases of congenital HCMV infection and related disability
(De Vries et al., 2013; Lanzieri et al., 2014).

Through the expansion of transplantation techniques, HCMV has become an important
agent of severe disease associated with significant morbidity and mortality in
immunosuppressed patients (Hughes et al., 2016; Selvey et al., 2017). HCMV s also one of
the most common opportunistic agents in patients with advanced Acquired HIV infection. The
development of HCMV disease in this population occurs concomitantly with an increase in
the immunosuppression stage, shown by a decrease in CD4+ T cell count and the presence of
HCMV viremia (Gregnborg et al., 2017).

The worldwide prevalence of HCMV infection is estimated to range from 40% to
100% in the general population, being directly proportional to age and inversely proportional
to the socioeconomic conditions of the population (Griffiths et al., 2015; Gentile et al., 2014).
The seropositivity rate in women of reproductive age is estimated to be 40-83% (Johnson &
Anderson, 2014; Lanzieri et al., 2014) and the prevalence of congenital HCMV infection has
ranged from approximately 0.2% to 2%, with higher overall rates in countries with higher
maternal seroprevalence (Lanzieri et al., 2014; Manicklal et al., 2013).

HCMV seroprevalence in developing countries is generally over 90% in adolescence
and above 95% in early old age. Consequently, most cases of congenital HCMYV infection
seems to result from non-primary maternal infection. Moreover, in developing countries the
reported prevalence of congenital HCMV infection varies substantially within and between
countries, with some reported prevalence’s higher as 6 - 14% (Lanzieri et al., 2014; Sharghi et
al., 2019;).
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Despite the high prevalence of CMV in Africa, the infection has been poorly studied
in Angola. We conducted the first CMV seroprevalence study, between May 2016 and August
2017 in 396 pregnant women in Luanda province and the results showed a high number of
women (96.5%) seropositive to CMV (Vueba & Sousa, 2018).

Laboratory diagnosis of HCMV infection in immunocompetent is not relevant,
whereas in immunocompromised and pregnant women it is of the utmost importance.
Laboratory diagnosis during pregnancy has been the subject of several studies aimed at
reducing the impact of congenital HCMV infection on public health (Lanzieri et al., 2014;
Naing et al., 2016). Laboratory confirmation of maternal HCMV infection during pregnancy
entails verifying the possibility of foetal impairment through serology-based techniques (IgM
and 1gG), the antigenemia (pp65), viral particle detection (PCR-DNA) and histological
examination (Naing et al., 2016).

In the absence of an approved HCMV vaccine and effective treatment in the prenatal
and postnatal period, the main way to prevent congenital HCMV infection is to prevent
transmission of the virus from mother to foetus (Thackeray et al., 2014). In the case of
immunocompromised patients, the recognition of the clinical importance of the virus together
with the advancement of diagnostic modalities and appropriate therapy can drastically reduce
the frequency of complications and the risk of life of these patients, improving their quality of
life.

This review focus on HCMYV infection highlights the clinical importance of congenital
infection and the infection in immunocompromised patients, as well as the progress made in
laboratory diagnosis and the overall efforts still needed to achieve an effective vaccine against
HCMYV infection.

1.4.1. Pathophysiology and epidemiology in HCMV infection

1.4.1.1. Maternal infection

Maternal HCMV infection manifests itself in the same way as in immunocompetent
individuals; it is usually asymptomatic. Some studies show that <5% of pregnant women with
primary HCMV infection present a mononucleosis-like syndrome with fever, pharyngitis,
cervical adenopathy, fatigue, myalgia, headache, hepatosplenomegaly and rash (Johnson &
Anderson, 2014; Naing et al., 2016).

The incubation time for HCMV infection is poorly known, but it is estimated to be
within 3 to 12 weeks from the moment of virus contamination to the onset of the first signs

and symptoms. It should be noted that these are not specific for an HCMV infection (Torii et
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al., 2019). The most frequent are fever (present in 42.1% of primary infections and 17.1% of
recurrent), asthenia (between 31.4 and 11.4%), myalgias (21.5 and 6.7%), rhino pharyngo-
tracheo-bronchitis (42.1 and 29.5%) and pseudogroup syndrome, defined by the coexistence
of fever and at least one of the previously mentioned signs (24.5 and 9.5%), lymphocytosis
higher or equal to 40% (39.2 and 5.7%) and increased transaminases (35.3 and 3.9%)
(Marsico & Kimberlin, 2017; Vide Tavares et al., 2011).

1.4.1.2. Congenital infection

Congenital HCMV infection can be classified according to the presence or absence of
symptoms at birth and whether or not these symptoms involve the CNS or sensory organs
(Harrison, 2015; Khalil et al., 2017).

Infants with congenital HCMV infection and symptomatic at birth account for 10-25%
of all infants infected with this virus and approximately 5-15% die within the first 6 weeks of
life, and 40-60% develops long-term sequel (Harrison, 2015; Jickstock et al., 2015; Khalil et
al., 2017).

Classic symptoms and complications that can be found in up to 75% of symptomatic
new-borns include jaundice, petechial, neurological changes such as microcephaly and
intracranial calcifications, ocular complications (blindness), hepatosplenomegaly with varying
degrees of severity and deafness (Khalil et al., 2017). In the severe forms, there may occur
foetus death, premature birth, presenting signs of fulminant disease like lethargy, convulsions,
massive hepatosplenomegaly, thrombocytopenic puerperal and hyperbilirubinemia (Jiickstock
et al., 2015; Khalil et al., 2017).

Congenital HCMV infection represents a serious public health problem as it causes
more problems in foetal development and long-term sequel than Down syndrome, neural tube
defects or foetal alcohol syndrome (Khalil et al., 2017; Mestas, 2016; Muldoon et al., 2017).
Screening programs for both pregnant women and newborns have not yet been developed or
implemented in most countries. One of the biggest complications for its implementation of a
neonatal screening program has been the lack of a suitable screening test for high throughput

analyses (Marsico & Kimberlin, 2017).

1.4.1.3. Infection in Immunocompromised individuals
With the development of transplantation and chemotherapy techniques, as well as the
introduction of new immunosuppressive drugs for cancer treatment, HCMV has become an

important causal agent of severe disease in immunodepressed patients (Grgnborg et al., 2017).
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HCMV has the ability to remain latent in the host cell after an acute infection (Santos
et al., 2017). An imbalance between the immune system and the latent virus, caused for
example by immunosuppressive therapy, may result in viral reactivation and clinically
manifest disease (Santos et al., 2017).

HCMYV infection leads to immune dysfunction and is associated with risk of organ
rejection in transplantation. Moreover, the therapy used in organ rejection cases increases the
risk of HCMV disease exponentially, which explains why post-transplant prophylaxis
schemes or preventive therapy are used (Requido-Moura et al., 2015; Santos et al., 2017).

HCMV disease is a highly prevalent complication among kidney transplant patients,
although there is wide variation between studies, ranging from 5.8% to 100% (Requi&o-
Moura et al., 2015). There are several reasons for this variation, but the characteristics of the
population studied, types of immunosuppression and diagnostic test used are among the main
ones. Reports show that in patients admitted to hospitals, the prevalence ranged from 13.3%
to 39.2%, while a study conducted in outpatients showed a prevalence of 5.8% (Santos et al.,
2017). Risk factors related to HCMV disease after kidney transplantation are mainly the
immunosuppression type and the serological status of the donor and recipient against HCMV;
the highest risk is characterized with the combination of positive donor with negative
recipient (Davi-Neto et al., 2014; Diaz et al., 2014).

HCMV is also one of the most common opportunistic agents in patients with advanced
HIV infection. The development of HCMYV disease in this population occurs concomitantly
with an increase in the immunosuppression stage, manifested by a decrease in CD4+ T cell
count and the presence of HCMV viremia (Manicklal et al., 2013). HIV-infected women are
usually positive for HCMV and have more frequent HCMV relapses with progressive
immune impairment (Bialas et al., 2016; Manicklal et al., 2013). Studies in Europe and
America related an increased risk of congenital CMV infection in neonates born to mothers
co-infected with HIV-CMV (Manicklal et al., 2013). In addition, HCMV can act as a cofactor
for HIV disease progression. The risk of infant mortality increases in infants co-infected with
HIV-CMV, and there is accelerated progression of CNS disease in survivors, especially
delayed development and worsening motor deficits (Ellington et al., 2016; Manicklal et al.,
2013).

The high prevalence of HCMV worldwide makes it difficult to interpret tests that
detect HCMV in clinical materials. This is also due to the fact that the virus remains latent,
and it is not always possible to implicate the virus detected as the etiological agent of the

present disease. Thus, it is important to develop diagnostic techniques to detected
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cytomegalovirus disease or the presence of active HCMV infection with viral replication,
which is a risk factor for the development of clinical manifestation (Fowler et al., 2017;
Manicklal et al., 2013).

1.4.2. Diagnosis of HCMV Infection

Laboratory diagnosis of HCMV infection can be done by several methods, which
stand out in clinical practice: serology (IgM and 1gG), pp65 antigenemia, PCR-DNA,
histological examination, and viral isolation in cell cultures. These tests are very important
when it comes to pregnant women or immunocompromised patients, including transplanted
ones (Kuessel et al., 2015; Lino et al., 2018).

1.4.2.1. Maternal infection

The diagnosis of maternal HCMV infection is based on serology to detect
immunoglobulin IgM and 1gG anti-HCMV. The ELISA method is the most widely used, with
sensitivity and specificity very close to 100% (Davis et al., 2017; Rajasekariah et al., 2013).
Identification of IgG seroconversion confirms primary HCMV infection. However, in the
absence of previous serology, the detection of seroconversion is not possible. Therefore, the
IgM is used whose presence indicates a potential recent infection (Hughes et al., 2016; Ozgu-
erdinc & Sen, 2014). The IgM antibody response begins in the initial days after maternal
infection and peaks during the first month before gradually disappearing. IgM can be detected
in the first three months after the onset of infection although it may also persist longer
(Kuessel et al., 2015; Neu et al., 2015).

To define the occurrence of a primary infection during pregnancy or the risk of
intrauterine transmission, other support techniques are used, namely the 1gG avidity test
(Leruez-Ville et al, 2013). This test classifies recent infections as infections that happened
more or less than 3 months prior. The avidity serves to measure of the antigen-antibody
binding strength. The weak avidity reveals the few functional affinity of recently produced
IgG (Lazzarotto et al., 2014). Thus, at the onset of a primary infection, antibodies show poor
avidity for the antigen, but over time this avidity increases. So, infections less than three
months old can be distinguished from older infections (Kuessel et al., 2015; Lazzarotto et al.,
2014).

The study of these parameters, their characteristics and dynamics, are useful for
distinguishing between primary and secondary infection, as well as, for determining the

approximate date of maternal infection (Neu et al., 2015).
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1.4.2.2. Congenital infection

For all the intrinsic characteristics to foetal life, it is impossible to diagnose an
infection only by the symptoms. However, there may be some albeit unspecific signs that may
lead one to suspect that an infection exists (Leruez-Ville et al., 2016; Vide Tavares et al.,
2011). The best available method for assessing the foetus and its well-being is obstetric
ultrasound, being a screening tool for foetal CMV infection (Mestas, 2016). The
pathophysiology of this infection allows for predicting the ultrasound images that are
classically associated with the lesions (Kuessel et al., 2015; Lazzarotto et al., 2014; Mestas,
2016). However, even in a high-risk population, the predictive value of ultrasound is far from
ideal, as a significant number of infected foetuses have no echographic particularities and
certain ultrasound anomalies may be transient and have already disappeared at the time that
are performed (Muldoon et al., 2017).

The first infected organ is the placenta, where the virus replicates. The placenta acts
both as a barrier against HCMV, and as a reservoir that can later release the virus into the
foetal circulation (Muldoon et al., 2017). In addition to the placenta, HCMV presents kidney-
specific tropism and provokes dispersed calcifications on the liver and lungs (Kuessel et al.,
2015; Lazzarotto et al., 2014; Mestas, 2016). Another important fact is the increase in alpha
fetoprotein (AFP) and chorionic gonadotropic hormone in the maternal blood.

It is reported that the type of brain injury differs according to the gestational age at
which maternal HCMV infection occurred. Magnetic Resonance Imaging (MRI) of the foetal
brain is today widely used in multiple indications in prenatal diagnosis (Kuessel et al., 2015;
Mestas, 2016). MRI confirms the absence or presence of foetal brain anomaly with excellent
predictive value. Today the systematic use of ultrasound (abdominal and endovaginal) and
MRI to confirm the presence or absence of such lesions as microcephaly and intracranial
calcifications is legitimate (Hughes et al, 2016; Kuessel et al., 2015; Leeper & Lutzkanin,
2018). However, the definitive diagnosis of foetal infection is obtained by culturing the virus
or, more often, by amplifying its genome in AF obtained by amniocentesis (Hughes et al.,
2016; Kuessel et al., 2015). HCMV colonizes AF through foetal kidney infection following
virus replication in the tubular epithelium, followed by excretion in the foetal urine.
Following the mother’s seroconversion or reactivation, the process leading to urinary
excretion of the virus lasts an average of six to eight weeks. For amniocentesis, this break
must be respected in order to limit the rate of false negatives. It should be done after 22 weeks
of pregnancy so that foetal diuresis is healthy established (Enders et al., 2017; Kuessel et al.,
2015). The sensitivity of this technique varies between 50 and 100% and the specificity
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between 67 and 100%. On the other hand, viral culture has sensitivity between 50 and 80%
for a specificity of 98 to 100%, but the long time required to obtain the result (= 14 days) is
discouraging (Enders et al., 2017; Kuessel et al., 2015).

PCR sensitivity varies according to the studies between 40 and 90% and is explained
by inappropriate AF harvesting conditions (less than six weeks after seroconversion or before
22 weeks’ gestation), but also by the different PCR techniques used (Enders et al., 2017;
Kuessel et al., 2015). Detection of the virus or its genome in newborn urine is the reference
technique (Cardoso et al., 2015; Emery & Lazzarotto, 2017; Kuessel et al., 2015). When
HCMV is positive in AF but negative at birth, we are facing a false positive prenatal diagnosis
or one by contamination of AF by maternal blood during amniocentesis if the mother has a
positive viraemia at that time (Enders et al.,, 2017). Another explanation may be the
contamination of the AF collected during the laboratory procedure (Khalil et al., 2017).
Currently, the automation of DNA extraction before RT-PCR decreases this risk of
contamination to a minimum because many hands-on steps are suppressed in DNA automatic
extraction (Emery & Lazzarotto, 2017; Kuessel et al., 2015).

Scarce data are available in the literature regarding prenatal diagnosis of HCMV
infection from foetal blood. Foetal blood collection by cordocentesis is not recommended for
diagnostic purposes, because it is technically more difficult to perform as compared to
amniocentesis, it requires an experienced operator and carries a higher risk of foetal loss
(between 1 and 3%) (Coll et al, 2009; Enders et al., 2017; Kuessel et al., 2015; Vide Tavares
et al., 2011). Therefore, its use should be justified by an additional interest in relation to
amniocentesis (Emery & Lazzarotto, 2017). At the diagnostic level, the sensitivity of IgM
detection ranges from 50-80% and for the rapid culture viral detection is 16% (Vide Tavares
etal., 2011).

1.4.2.3. Infection in Immunocompromised individuals

Because of the importance of differentiating a primary infection from a HCMV
reinfection or reactivation in transplant patients, serologic 1gG or IgM measurement are not
useful in practice because they hardly differentiate primary or late infection (Dioverti and
Razonable, 2016). Direct detection of the virus by classical techniques in urine or saliva is a
procedure with little clinical value. Moreover, it is technically difficult, expensive and
provides results only after 3 to 5 weeks (Paya et al, 1987; Ross et al., 2011). Therefore, the
use of rapid, sensitive and specific diagnostic techniques is recommended. Among the

techniques, the direct search for HCMV antigens in circulating neutrophils (antigenemia) and
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PCR are indicated (Lino et al., 2018; Santos et al., 2017). PCR is an excellent method that can
be used to include or exclude diagnosis in immunosuppressed patients with suspected HCMV
infection.

High-risk patients, such as bone marrow transplant recipients, HCMV seronegative
patients who have received organs from HCMV-positive donors, and patients who have
received immunosuppressive therapy, among others, will have greater benefits if they can be
monitored by molecular techniques or if this is not possible by antigenemia, taking care to be

marked by low cut off levels (Ellington et al., 2016).

1.4.3. Diagnostic tests

The tests currently available in clinical practice to monitor active CMV infection are
the detection of antibodies anti-CMV, antigenemia, which detects the presence of
phosphoprotein pp65 in peripheral blood leukocytes, and the detection of viral DNA by
molecular methods, such as PCR (de Keyzer et al., 2011; Emery et al., 2000).

1.4.3.1. Serology
Detection of anti-CMV antibodies is usually performed by immunoenzymatic assays
such as ELISA, ELFA or by chemiluminescence (Lazzarotto et al., 2008).

1.4.3.2. Viral isolation in cell cultures

The virus can be isolated from saliva, urine, liver, adenoids, kidneys and peripheral
blood leukocytes. In the case of a NB, cord blood is used (Zeytinoglu et al., 2019). The
standard method for HCMV detection is the inoculation of clinical material into human lung
fibroblast cultures followed by observation of the Characteristic Cytopathic Effect (CCE).
This technique is quite slow and may take up to two weeks for the onset of CCE (Ng et al.,
2014). Therefore, rapid isolation in cell culture, based on stimulation of monolayer infection
by low speed centrifugation, and detection of antigens by monoclonal antibodies (Shell vial)
was developed (Fowler et al., 2017). The method allows virus detection within 24 to 48 hours
but loses sensitivity when compared to traditional isolation. However, viral isolation is less

sensitive than modern methods.

1.4.3.3. Antigenemia
Detection of HCMV matrix antigen (pp65) phagocytized by peripheral blood

neutrophils (antigenemia) was the first laboratory method routinely used to provide a

37



quantitative parameter because determine the proportion of pp65 antigen in the nucleus of
infected neutrophils. This technique requires the processing of fresh blood and when
performed by immunofluorescence produces results dependent on subjective interpretation
(Lino et al., 2018; Hughes et al., 2016).

1.4.3.4. Histology
The histological feature of HCMV infection is the cytomegalic cell, which is an
enlarged cell containing a dense corpus of basophilic and central intranuclear inclusion in the

“owl's eye”. These cells can be found in any body tissue and also in the urinary sediment

(Levinetal., 2017; Zhou et al., 2016).

1.4.3.5. Molecular methods

In recent years, a variety of molecular methods for HCMV detection have been
developed for qualitative and quantitative analysis, such as PCR, a specific nucleic acid-based
amplification reaction, having greater sensitivity than viral isolation in cell culture and
antigenemia (Griffiths, 2017).

The PCR is a rapid, sensitive and specific method, which allows early diagnosis,
avoiding lengthy and invasive investigations, which cause great anxiety to both the patient
and physician. The PCR could give qualitative or quantitative results, providing greater
flexibility with the materials under test, allowing for storage at -20°C until processing, and the
possibility to repeat the tests when doubts arise as to the results (Griffiths, 2017; Morozov et
al., 2016). However, PCR is an expensive method and not available in routine laboratories,
especially in developing countries.

Solano et al. (2001) and Storch et al. (1994) compared PCR and antigenemia
techniques, and observed that the diagnosis by PCR technique is positive 1 week in advance
regarding antigenemia. This great PCR sensitivity levels in relation to antigenemia has also
been observed in other works (Reina et al., 2014; Storch et al., 1994; Vries et al., 2012).
These data reinforce the possibility that, depending on the period in which these tests are
performed, a discrepancy of results between the techniques can be found. Furthermore, other
studies state that viremia occurs before the onset of symptoms and correlates with the later
development of the disease and its severity (Eguchi et al., 2017). In conclusion, antigenemia
is less sensitive than molecular methods, but the results offer a good correlation with the

clinical manifestations; molecular techniques are more sensitive, but the results can
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sometimes be dissociated from the clinic. So, PCR can be used for HCMV diagnosis and the
antigenemia in monitoring therapeutic efficacy (Eguchi et al., 2017).

1.4.4. Prevention of HCMV infection

In the absence of an approved HCMV vaccine and effective treatment both in the
prenatal and postnatal period, the main way to prevent congenital HCMV infection is to
prevent transmission of the virus from mother to foetus (Thackeray et al, 2014). Prevention is
essential not only in seronegative but also in HCMV positive pregnant women as reinfection
may occur.

Pregnant women should be alert to measures that reduce the risk of acquiring an
HCMV infection during pregnancy (CDC, 2019; Thackeray et al.,, 2017), such as
strengthening personal hygiene habits and not sharing food, drink or utensils with children.
Several studies give relevance to the education and training of women of childbearing age,
pregnant and future pregnant women regarding HCMV infection and its implications. For
example, recent studies have shown that training for pregnant women about personal hygiene
measures during pregnancy has resulted in decreased HCMYV seroconversion rate (Naing et al.,
2016).

1.4.4.1. Passive immunization

Passive immunization is the administration of antibodies to a nonimmune individual
for the purpose of conferring immediate immunity against an infectious agent. It is usually
indicated in situations where active immunization is unavailable, contraindicated, or not
administered prior to agent exposure (Juckstock et al., 2015).

In passive immunization the antibodies can be naturally acquired by passing maternal
IlgG to the foetus via placental and breast milk, or by administering hyperimmune
immunoglobulins (IgH) (Jiickstock et al., 2015). Immunity acquired following natural HCMV
infection prior to pregnancy does not confer complete protection to the foetus against
congenital infection. Thus, the administration of IgH in women with primary infection during
pregnancy for the prevention of congenital HCMV infection has been the subject of several
studies (Juckstock et al., 2015; Minsart et al., 2018; Nigro, 2017). The hyperimmune globulin
therapy significantly increases anti-CMV 1gG concentration and decreases the number of
natural Killer cells and Human Leukocyte Antigen — DR isotype (HLA-DR+) cells. Moreover,
the passive immunization with IgH was associated with a significantly lower risk of

congenital CMV infection and had no adverse effects. Knowledge about the potential efficacy
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of preventive or therapeutic administration of IgH should be broadened by multicenter
randomized trials, which may be favoured by the implementation of HCMV screening (Nigro,
2017; Revello et al., 2014). However, if ultrasound examinations show signs of foetal injury,
or if HCMV s detected in AF, patients should be advised of the possible option of IgH
therapy (Nigro, 2017).

Clinical trials have Dbeen conducted by administering a HCMV-specific
hyperimmunoglobulin  (HCMV-HIG) such as HCMV-HIG-CytoGam® and HCMV-
Cytotect® aiming to prevent congenital HCMV infection after primary infection during
pregnancy (Adler et al., 2013; Nigro, 2017; Revello et al., 2014; Van Zuylen et al., 2014). The
results of the two clinical trials, developed in the USA and Europe, may shed light on the
efficacy and safety of HCMV-HIG as a means of preventing HCMV transplacental
transmission. Although there are no conclusive results from controlled and randomized
clinical trials in humans, it is consensual on the part of obstetricians the use HCMV-HIG in
cases of ultrasound evidence of foetal infection as an alternative to abortion (Nigro, 2017).
The administration of HCMV-HIG for the prevention of intrauterine transmission of HCMV
presents some problems, including batch variability, the volumes administered and the
difficulty in maintaining an adequate supply of HCMV-HIG.

The glycoprotein B (gB) has been a major target for development of HCMV vaccines
and antiviral drugs. Two gB-based vaccines, gB/MF59 (Sanofi) and ASP0113 (Vical,
Astellas), and two gB antibodies, LJP538 (Novartis) and TCN202 (Theraclone) have been
tested in clinical trials (McVoy et al., 2018; Patel et al., 2016; Ye et al., 2020). The gB-
specific antibodies in CMV-infected individuals target five major antigenic domains (ADs)
(Potzsch et al., 2011; Ye et al., 2020). The antigenic domain 2 (AD-2), located at the N-
terminus of gB, is one of the major ADs targeted by gB-specific antibodies isolated from
CMV-infected individuals. AD-2 contains a highly conserved site | epitope (amino acids 68—
77) that is targeted by neutralizing antibodies and a strain-specific site Il epitope (amino acids
50-54) that is targeted by non-neutralizing antibodies (Meyer et al., 1992; Ye et al., 2020).
Several studies implicate gB AD-2 specific antibodies as a correlate of protective immunity
against HCMV infection or disease. The magnitude of maternal AD-2 specific antibodies was
borderline associated with low risk of congenital CMV infection among HIV-1 exposed
infants (Bialas et al., 2016). Despite the importance of gB AD-2, little is known about the
neutralization mechanism of gB AD-2 specific antibodies (Ye et al., 2020). The use of a

HCMYV monoclonal antibody anti-gB (AD-2) with therapeutic efficacy against intrauterine
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transmission of HCMV seems a more advantageous alternative to HCMV- HIG (Auerbach et
al., 2014).

1.4.4.2. Vaccines

The study of vaccines as a preventive measure against HCMV infections includes
congenital infection, begun in the 1970s with the Towne attenuated vaccine (Dasari et al.,
2013).

Human CMV contains multiple surface-expressed glycoproteins that play pivotal roles
in viral entry, including gB, the complex of glycoprotein M (gM) with glycoprotein N (gN)
(gM/gN), the complex of glycoprotein H (gH) with glycoprotein L (gL) (gH/gL), and a
pentameric complex (PC) of gH/gL/unique long (UL)128/UL130/UL131A (Tanimura &
Yamada, 2018).

Currently, there are three CMV antigens that appear to be of greatest interest to a
vaccine development: gB, PC and the pp65 protein. Antibodies to gB are believed to
primarily prevent entry into fibroblasts, but also block entry into epithelial and fibroblast cells
(Kirchmeier et al., 2014). A gB vaccine has been shown to be highly effective in preventing
HMCYV disease in organ transplant patients (Bernstein et al., 2016). Moreover, the role of
pp65 as an important T cell response inducer is recognized for protecting transplant patients
(Smith et al., 2013). As for the demonstration of efficacy in clinical trials, it worth noting that
an attenuated virus prevented HCMV disease in renal transplant patients and that the gB
subunit moderately decreased HCMV acquisition by seronegative women and reduced disease
in the recipient’s solid organs (Permar et al., 2018).

Vaccine-driven responses may be challenging to elicit early post- hematopoietic stem
cell transplantation (Post-HCT), since the recipient’s immune system remains impaired for the
initial months post-HCT (Chalandon et al., 2006). Thus, vaccination for preventing infectious
diseases in hematopoietic stem cell transplantation recipients are generally recommended to
begin no earlier than 6 months’ post-procedure, the period of highest risk for CMV infection
(Tomblyn et al., 2009). Nonetheless, recent studies have indicated that recovery of pp65 CD8
T cells during the first 65 days post-HCT is associated with protection from CMV related
complications (Gratama et al., 2010; Nakamura et al., 2016). The continuing need for a CMV
vaccine in the hematopoietic stem cell transplantation setting prompted the development of
CMVpp65-A*0201 or CMVPepVax, an investigational CMV peptide vaccine composed of
HLA A*0201 pp65495-503 fused with tetanus toxin (Tet) sequence, both of which are known
to be universal T helper epitopes (La Rosa et al., 2012; Nakamura et al., 2016). An acceptable
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safety profile and vaccine-driven expansion of pp65 T cells in healthy adults supported its
further evaluation in hematopoietic stem cell transplantation recipients (Einsele et al., 2002;
Gratama et al., 2010; Nakamura et al., 2016).

Prevention of congenital HCMV infection was considered the most relevant and
practical final outcome for a phase Ill putative efficacy study (Permar et al., 2018).
Vaccination strategies for HIV-positive women remain unknown and should be informed by
studies of immune deficiencies that allow reinfection or transmission of HCMV in pre-
existing immunity situations (Kawada et al., 2015).

The results of the efficacy trials should continue to be re-evaluated with a view to
defining immunological correlates of vaccine protection; similar to what was sought with

partially effective HIV vaccine trials (Nakamura et al., 2016).

1.4.4.3 GB / MF59 subunit vaccine

The gB/MF59 subunit vaccine has in its composition a HCMV gB and adjuvant MF59.
The choice of this glycoprotein is related to the fact that it is encoded by a conserved virus
gene and induces the production of neutralizing antibodies (Nelson et al., 2018). In contrast
with the Towne vaccine, the gB/MF59 vaccine has the ability to induce anti-gB CMV
antibody production and cellular immunity (Nelson et al., 2018; Sabbaj et al., 2011; Wang &
Fu, 2014). In phase I clinical trials in children and adults, the vaccine was considered safe and
immunogenic. The vaccine induced the production of neutralizing antibodies to gB at
concentrations similar to those induced by natural infection. The antibody titer decreased
rapidly upon completion of immunization; however, it increased rapidly upon administration

of an additional dose of vaccine (Schleiss, 2008).

There continues to be a need to define which of the various diagnostic resources for
CMV is the most appropriate for a given clinical situation. The determination of anti-HCMV
antibodies in pregnant women does not provide enough information for the prognosis of a
congenital infection. Ultrasound and MRI are excellent screening methods in the presence of
a suspected foetal infection. However, to achieve the definitive diagnosis culturing the virus
or amplifying its genome from amniotic fluid is necessary. The confirmation of congenital
HCMV infection in newborns is performed by direct methods such as the Shell-Vial
technique or the Polymerase Chain Reaction (PCR) in urine or saliva samples. In
immunocompromised patients the qualitative PCR is a reliable diagnostic technique and the

antigenemia is adequate for monitoring the therapeutic.
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1.5. Aim of the thesis

Worldwide there is great interest in perinatal infections, as they can lead to fetal death
or congenital defects. Although Toxoplasmosis, Rubella and Cytomegalovirus (CMV)
infection are diseases that have been widely studied, there are few studies carried out in
Angola. In addition, there are several studies that correlate these infections with it’s clinical
manifestations in patients with other diseases that cause depression of the immune system
such as Human Immunodeficiency Virus (HIV) and hepatitis. Therefore, this work aimed to:
(i) study the seroprevalence of IgM and IgG anti-T. gondii, anti-Rubella and anti-CMV
antibodies in pregnant women attended at the Lucrécia Paim Maternity Hospital (LPMH) in
Luanda; (ii) identify maternal primary infection through the profiles of anti-T. gondii, anti-
Rubella and anti-CMV antibodies; (iii) dating maternal first infection through the IgG avidity
test; (iv) perform the diagnosis of congenital infection using molecular techniques (qPCR);
(v) studying the geospatial distribution of infections; (vi) assess the socio-demographic and
clinical risk factors associated with infections by T. gondii, Rubella and CMV.

Certainly, the knowledge of the the prevalence and geographical distribution of these
diseases, as well as the recognition of associated risk factors, are the first steps and a
prerequisite for the development of control strategies by the Angolan government. This study
will help us to understand the epidemiology of Toxoplasmosis, Rubella and Cytomegalovirus

infection in Angola and will elucidate the dynamics of these infections in Luanda population”s
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CHAPTER 2

Social Determinants and Indicators of Health in Angola

This chapter correspond to the article:

Amélia N Vueba, Marcelo B Freitas, Clarissa Faria, Maria C Sousa (2020), “Social

Determinants and Indicators of Health in Angola”, submitted to: Journal of Public Health
Research
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2.1. Abstract

According to the definition of the WHO, the social determinants of health are related
to the conditions in which a person lives and works.
Angola has been facing an economic crisis since 2014, development challenges are enormous,
including the reducing oil dependence, diversification of the economy, rebuilding
infrastructures, increasing institutional capacity, improvement governance system, public
finance management and improvement human development indicators. With stagnant of
economic growth, the population lives with serious problems such as health, education, water
supply and sanitation. In this context, socioeconomic and health indicators are bad and
represent a major matter. According to the Human Development Report 2019, in which they
were analysed the progress of 189 countries in the area of human development, Angola
dropped in the assessment from 147 to 149, with most of the population living in precarious
conditions and with a multiplicity of preventable diseases, also demonstrating that the policies
adopted by the country do not yet favour a joint in between health and development. This
situation requires the country to apply policies for the redistribution of income and health care

to the poorest populations.
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2.2. Introdution

The global reality of today shows that health and development are inextricably linked.
It is enough to recall the WHO Declaration of 1946, which defines health as a complete state
of physical, mental and social well-being and not just the absence of illness or infirmity. This
definition assumes that an individual's health condition is a complex, multidimensional and
dynamic concept. To be characterized, it is necessary to collect information on different
aspects that, although they can be considered individually, only when they are the target of a
joint analysis provide information to describe the health status of an individual (Working
Group for Monitoring Action on the Social Determinants of Health, 2018; WHO, 2011).

The main challenge of studies on the relationships between social determinants and
health is to establish a hierarchy of determinations between the most general factors of a
social, economic, political nature and the mediations through which these factors affect the
health situation of groups and people, since the determination relationship is not a simple
direct relationship of cause-effect (Braveman et al., 2011; Thornton et al., 2016). It is through
the knowledge of this complex of mediations that one can understand, for example, why there
is no constant correlation between the macro indicators of wealth in a society, such as Gross
Domestic Product (GDP), with health indicators (WHO, 2011). The study of this chain of
mediations also makes possible to identify where and how interventions should be carried out,
with the aim of reducing health inequities (Thornton et al., 2016).

In the model proposed by Dahlgren & Whitehead (1991) to understand the social
determinants of health (Figure 2), they are represented by five interdependent levels that act
directly and indirectly on the health-disease process of groups and individuals. At the most
external level are the macro determinants, or socioeconomic, cultural and environmental
conditions; at the subsequent level, the intermediate determinants, which are living and
working conditions, represented by access to public services, education, housing, sanitation,
health, food production, employment and income. From the intermediate level, are the
determinants associated with individual lifestyles, located on the border of social
microdeterminants, comprised of hereditary factors, age and gender. Still, according to
Dahlgren & Whitehead (1991), the understanding of the health-disease process results from
the analysis of micro and macro determinants and their forms of correlation and mediation,

attributing to the social context the so-called non-communicable diseases.
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Figure 2: The main determinants of health (Source: Dahlgren & Whitehead, 1991).

The complexity of health is undeniable, regardless of the perspective from which it is
approached. International agendas have, over the past few decades, been positioned between a
perspective based mostly on medical technology and a position that tries to understand health
as a social phenomenon, which implies more complex forms of action (Taylor et al., 2016).

At the international level, it is possible to observe the milestones considered important
for health equality, in which events related to health determinants are perceived. Currently, it
IS unquestionable that social, environmental and economic conditions greatly influence the
health conditions of populations (Braveman & Gottlieb, 2014; WHO, 2011). More than half
of the influence on individuals' health is based on the conditions in which populations are
born, grow, live, work and age (WHO, 2011). Understanding these factors makes it possible
to look for appropriate intervention strategies at various levels in order to minimize their
harmful effect on health (Braveman & Gottlieb, 2014). The various determinants influence
health in different ways, so not all are equally important. Mackenbach's suggest that social
factors are important (Mackenbach, 1996; Mackenbach et al., 1989). Environmental factors,
those most valued by WHO, determine 25% of the population's health (WHO, 2011). On the
other hand, within the social determinants, the healthy lifestyle must have a relevant place
because it apparently presents greater health gains and the determinants that should be
highlighted are those that cause more social stratification (Gold et al., 2019). According to the
health perspective, environmental determinants may include the impact that certain chemical,

physical and biological agents have on health (WHO, 2011). There is a concern about air,
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water, land, food pollution and, more recently, some global risks, of which the destruction of
the ozone layer and climate changes are an example. The relationship between the ability of
environmental determinants to influence populations and their socioeconomic development is
well known (Gold et al., 2019).

Research has shown that water contaminated by chemicals and heavy metals (both on
the surface and in the subsoil) is a factor of great impact on the health of populations. This
issue has become a global concern, due to the considerable impact on the environment and
consequently on human health (Khan et al., 2013; WHO, 2017). If it is indisputable that the
effects of global warming have an impact on the health of populations in the long term, the
impact of extreme weather changes appears in the short term. Very intense heat and cold
waves can be a lead to the appearance of history of disease cardiovascular, cerebrovascular,
respiratory and skin carcinomas, with consequent influence on mortality rates (AghaKouchak
etal., 2014; Sun et al., 2019).

Research that seeks to understand the relationship between socioeconomic status and
health status is not a recent phenomenon. There are countless factors that contribute to
socioeconomic inequalities in the health sector. As an example, material deprivation, health-
related behaviours that directly depend on income and unemployment (Ahnquist et al., 2012;
Karmakar & Breslin, 2008). The phenomenon of globalization, with the consequent
elimination of borders and ease of movement of people and goods, has been criticized for
bringing unequal economies and cultures together. This approach tends to produce uneven
results not only between different countries, but also within them (Ahnquist et al., 2012;
Karmakar & Breslin, 2008).

Countries that show good economic results may have been harmed by the
globalization process (Ahnquist et al., 2012). Concern about inequality has been global.
Despite the accelerated economic growth of the last decades, the good performance of certain
countries, although necessary, has proved to be insufficient in reducing inequalities (Nichols
& Taylor, 2018). Health-related behaviours are among the factors often associated with
economic determinants. Income may (or may not) allow access to certain behaviours with an
impact on the health of individuals (participating in physical activity, food choices). Health
indicators may reflect differences in material wealth. To reduce health inequalities requires
action to reduce socioeconomic and other inequalities (WHO, 2011). There are other factors
that influence health, but these are outweighed by the overwhelming impact of social and
economic factors the material, social, political, and cultural conditions that shape our lives

and our behaviours. In fact, so close is the link between social conditions and health that the
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magnitude of health inequalities is an indicator of the impact of social and economic
inequalities on people’s lives (WHO, 2011; Commission on Social Determinants of Health,
2008).

A study carried out by the WHO (2012) on health systems in Africa, perceptions and
perspectives of communities reveals that they are fragile and have a deficit in the workforce,
providing precarious services, information and medical products. Another factor that the study
records are the differences between countries and within them, highlighting the inequalities in
access and care between the rich, who are generally in power, and those considered poor
(Maxwell et al., 2015; WHO, 2012). In this context, the Commission for Social Determinants
of Health of WHO states that socio-political and economic forces determine the conditions in
which people live and die and how they can access health services.

Sub-Saharan Africa has been striving to develop, representing a region of the world
with serious public health problems: the vast majority of people living with HIV are located in
low and middle income countries, with about 68% living in Africa. Among this group, 20.6
million live in East and Southern Africa, with about 800,000 new HIV infections per year.
Moreover, three countries, South Africa, Zimbabwe and Mozambique, occupy the first three
positions in the classification of the 22 countries that most contribute to tuberculosis in the
globe (UNAIDS, 2019; WHO, 2019).

The region continues to have high rates of infant and maternal mortality and infectious
diseases, which demonstrate and contribute to the low rate of human development. More than
50% of its inhabitants suffer from preventable diseases resulting from poor water quality,
such as cholera and childhood diarrhoea. As a consequence, every 30 seconds, an infant death
is registered, mainly due to malaria (WHO- Malaria, 2017; Marsh, 1998; Nankabirwa et al.,
2014). Although poverty was reduced from 1990 to 2015 in the sub-Saharan region,
approximately 41% of its population still lives in extreme poverty, with an income below US
$1.25 per day, revealing a serious problem of social inequality (UN, 2015).

Despite the effort of the Angolan government to improve sanitary conditions, the
annual report of the United Nations Program for Development (UNPD) shows that problems
related to poverty and social inequalities persist (UNDP, 2019). The government of Angola,
through the MINSA and its national and international partners as WHO, UNAIDS, National
Institute of Statistics, elaborated several documents with strategies to guarantee the
sustainability of the health system (PNDS, 2014; PNDS, 2012; WHO, 2016). However, very
few concrete measures have been implemented to improve effective access to health care and

guarantee the economic and financial sustainability of the health system (WHO, 2016).
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The Republic of Angola (Figure 3) is located on the western coast of sub-Saharan
Africa, whose main territory is limited to the north and northeast by the Democratic Republic
of Congo (DRC), to the east by Zambia, to the south by Namibia and to the west by Atlantic
Ocean. It also includes the Cabinda exclave, which borders the Republic of Congo to the
north. Apart from the neighbours already mentioned, Angola is the closest country to the
British colony of Saint Helena (Vueba, 2018). It is one of the largest countries on the
continent, with a surface area of 1.246.700 km? with a population density of 22.06 inhabitants
/ km?. Angola, like most developing countries, has a very young population (INE, 2018).
Currently, about 36% of the population lives below the poverty line and has difficulty
accessing to basic public services as potable water, sanitation, energy, health care, education
and housing (WHO, 2016).
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Figure 3: Map of Angola (Source: https://www.un.org/Depts/Cartographic/map/profile/angola.pdf)

The Angolan state provides health services to the population through the National
Health Service (NHS) (PNDS, 2012; WHO, 2016). The provision of services is offered by
institutions of state and institutions private for-profit entities. The NHS health care network is
made up of 2.356 health units of which 20 central hospitals, 25 provincial hospitals, 165
municipal hospitals, 43 maternal and child centers and 331 health centers and 1650 health
posts (PNDS, 2014). It is estimated that 50-60% of the population has access to basic health

services, being this is percentage much lower in rural areas, by only 24%, compared with 63%
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in urban areas. Profitable private health networks are generally concentrated in major cities

(MPA, 2010; PNDS, 2014).

According to the MINSA, the major problems facing the NHS are related to:
insufficient health coverage and lack of maintenance of health facilities; reduced health
human and technical resources; poor distribution of staff in rural and periurban areas;
weaknesses in the Health Management System, including the information system, logistics,
communication, access to clean water and energy and insufficient financial resources
(MINSA, 2014; PNDS, 2014).

This finding corroborates with WHO which drafted a document based on consultations
with key health stakeholders in the country (WHO, 2016). As described in this document,
some of the key health sector challenges in Angola have been identified and summarized as
follows:

Q) The high index of communicable disease mortality and morbidity, the frequent
occurrence of epidemic outbreaks and the accelerated increase in the prevalence of no
communicable diseases;

(i)  The increased vulnerability of the country to the occurrence of various adverse health
situations due to the strong movement of people, goods and commercial activity in and
out of the country, as well as the existence of extensive open borders with various
countries;

(iii)  Insufficient basic capacities and legislative instruments in the National Health System
to implement national and international public health emergency prevention and
control measures;

(iv)  Reduction in maternal and child mortality rates;

(V) Ensure continuing education and sustainability of human resources and quality health
services;

(vi)  The coordination and congregation of intra and intersectional efforts that favourably
influence the social and economic determinants of health.

There are sociodemographic, political, cultural and economic determinants that relate
to health and are closely linked to poverty and can only be overcome by reducing inequalities,
gender equity, improving socio-economic development and especially poverty reduction,
increased quality and equitable access basic services health.

Underdevelopment plays a nefarious role in the production of diseases for the
population, and, consequently, a serious health problem for the population. On the contrary,

when development is equitable among populations, it is also expected to improve people's
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lives through access to drinking water, decent housing and the suppression of other basic
needs. It is also expected that there will be more active participation by the population in the
development process and in the better distribution of the goods that result from it. In this
context, Gadelha (2009), states that health is a condition of citizenship, an inherent part of
development itself, with no country in the world that can be considered developed with poor
health.

The objective of this work was to identify which social determinants of health could

have the greatest impact on the health of the population.

2.3. Socioeconomic Indicators

2.3.1. Area of Residence

Politically and administratively, Angola is divided into 18 provinces 162
municipalities and 559 communes (Figure 3). It is a multicultural country and has more than
18 national languages, but Portuguese is spoken by the majority (83%) of the population
(PNDS, 2012). Demographic indicators are challenges for the sustainable development of the
country. According to the last census conducted in 2014 and the Health Indicators Survey
(2015-2016), Angola has a population of 25 789 024 inhabitants. The majority (63%) reside
in the urban area and 37% live in the rural area (Table 1) (INE, 2016).

Table 1: Population of Angola by area of residence and gender in 2014 (Adapted from INE,
2016).

Total
Area of Men Voman
residence Number % Number % Number %
Urban

7 860 614 62.9 8293 373 62.4 16 153 987 62.6

Rural 4 638 427 37.1 4996 610 37.6 9 635 037 37.4

Total 12 499 041 100 13 289 983 100 25789 024 100

About 18 513 994 people, corresponding about three quarters of the population (72%),
are concentrated in only 7 provinces of the country. Among these, five are located in the
central south region of the country, with 10 059 909 inhabitants, corresponding to two fifths
of the country's population (39%). Luanda province (the capital of the country), is the most
populous with 6 945 386 people, representing just over a quarter (27%) of the country's
population. This is followed by the provinces of Huila, Benguela and Huambo with 2 497 422
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(10%), 2 231 385 (9%) and 2 019 555 (8%), respectively (INE, 2016). In Angola, in each
square kilometer (Km?) live 20.7 people. Statistically, Luanda province has the highest
population density in the country with 368 inhabitants per Km?, about 18 times the country
average. Benguela and Huambo provinces follow with an average of 70 and 59 inhabitants,

respectively, about 3 times higher than the country average (I11MS, 2017; INE, 2016).

2.3.2. Age struture

The age structure of the population in 2014 has marked differences between age
groups, showing that the majority of population are quite young (Table 2) (INE, 2016). The
age groups of 0-14 years old and 15-24 years old correspond to 65% of the resident
population. The gap between young and old is enormous, where only 2% of the population is
65 or older (INE, 2016). The average age of the population is about 20.6 years, with a median
of 16 years. The average age of women (21 years) is higher than men (20 years). In fact,
Angola is a developing country as a result of high birth and death rates, the average life
expectancy is low (52 years), with 51 years for men and 53 years for women and the mortality
rate of children under 5 is one of the highest in Africa (194 deaths per 1000 live births) (WHO,
2016).

Table 2: Age structure of Angola population by gender in 2014 (Adapted from INE, 2016).

Men Woman Total
Age
Number % Number % Number %

0-14 years 6 051 650 48.4 6 144 846 46.2 12196 496 47.3
15-24 years 2 243 399 17.9 2 441 539 18.4 4 684 938 18.2
25-64 years 3938 886 315 4 356 274 32.8 8 295 160 32.2
>65 years 265 106 2.1 347 325 2.6 612 430 2.4
Total 12 499 041 100 13 289 983 100 25789 024 100

In general, children who live in the rural areas have four to ten times less possibilities
of access to basic services, information and goods than children who live in urban areas.
Around 10% of children between 0-17 years are orphans as a consequence of the war, and to
some extent due to HIV/AIDS (UNPAF 2015).
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2.3.3. Schooling/Education level

In the education sector, Angola in 2012 was considered by United Nations Educational,
Scientific and Cultural Organization (UNESCO) to be a low educational development country,
ranking 111" out of 120 countries. Actually, UNESCO Education for all attributed a value of
0.685 and a gender parity index of 0.734. Between 2008 and 2013 various international bodies
such as the Committee on Economic, Social and Cultural Rights (DESC), the Committee on
the Rights of the Child and the Convention on the Elimination of All Forms of Discrimination
against Women (CEDAW), expressed their views about this concerns related to the state of
the right to education for all Angolans (WHO, 2016). In 2014, the population aged 18 and
over who completed the 2™ cycle of secondary education was 13%. On the other hand, the
population aged 18 or over who never attended school or did not complete the 1% cycle is 48%.
This value increases in age groups 25-64 years and 65 or older compared to the current
system (INE, 2016).

2.3.4. Economic growth

The economically active population is less than 50%. Women of reproductive age (15-
49 years) constitute about 44% (WHO, 2016; PNDS, 2012). The mean of household
aggregates is constituted of 5 persons. Most households are headed by men, with only one in
five of them headed by a woman. This demographic pattern has implications for the demand
for social services, particularly health and education, as well as for creating job opportunities,
considering that less than 50% of this population is economically active INE, 2016; WHO,
2016; PNDS, 2012). In 2014, the number of unemployed covered 1 739 946 individuals,
which corresponds to a national unemployment rate of 24.9%. The unemployment rate mainly
affects the young population aged 15-24 (INE, 2016)

Angola faces one of the worst economic and social moments in its history. The
Economist Intelligence Unit (EIU) predicts Angola's economy will remain in recession,
prolonging the negative growth of recent years due to the fall in oil price since summer 2014
(EIU, 2019a). According to the document on quarterly national accounts, Angolan economy
had negative growth of 2.5% from January to March 2018, 3.8% in the second quarter, and
1.3% in the third quarter. In the last quarter entered positive territory in the last three months
of the year, when it registered an economic expansion of 2.6% (EIU, 2019b). In the first three
months of 2019, the Angolan economy returned to negative growth, registering a contraction

of economic activity that International Monetary Fund estimates to have been 0.4%, which led
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the executive to review, in April, the prospect of growth from 3.2% to 0.4% in 2019 as a
whole (EIU, 2019b).
Lack of financial resources has been severely hampering the improvement of

economic indicators and has aggravated health indicators.

2.3.5. Basic Sanitation

2.3.5.1. Water

Having adequate drinking water and sanitation services, with broad levels of coverage,
contributes to improving the health and well-being of the population. In 2015 about 663
million people worldwide still used an inadequate water source (unprotected wells and springs
and surface water), and nearly half lived in sub-Saharan Africa (UNICEF & WHO, 2015).
According to the census realized in Angola, in 2014, results indicated that the number
households aggregate with access to a water source suitable for consumption is 43.6% (2 417
726 of 5 544 834 households). However, there is a contrast in water supply levels between
urban and rural areas of the country; the urban population with access to safe water is around
34.86%, while the rural population is only 8.74% in accordance with census data (INE, 2016).

Unfortunately, a drinking water supply in Angola does not guarantee adequate
drinking water consumption, so a safe water treatment system needs to be implemented. At
national level, 67% of households do not treat water, 52% in urban areas and 91% in rural

areas. In addition, water availability is higher in rural areas (1IMS, 2017).

2.3.5.2. Waste and Sanitary facilities

Despite significant progress in recent years, complex challenges remain in different
intervention areas in which are observed still asymmetries in the development of communities
between regions and great demographic pressure in urban centers, due to the inequality of
opportunities throughout the territory, which causes internal migratory movements to urban
centres (UNPAF, 2015; WHO, 2016).

In Angola, 26.3% of households aggregate (1 460 237 of 5 544 834 households) have
properly dispose of solid waste / garbage, 57.6% (1 460 237 of 5 544 834) live in urban areas
and 42.4% (1 460 237 of 4 084 597) in rural areas. Waste is disposed of outdoors by 13% of
households living in urban areas and 87% of residents in rural areas (INE, 2016). Moreover,
60% of households (3 324 389 of 5 544 834 households) have appropriate place for defecation.
However, this figure is only 10.1% in the rural area compared to 49.9% in the urban area.

Contributing to this gap is the fact that members of 69% of rural-dwelling households
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defecate in the grass, undergrowth, or outdoors (1IMS, 2017). Sanitary facility conditions can
contribute to disease transmission, so it is important to use appropriate and non-shared

sanitation facilities.

2.4. Health Indicators

In public policies, health is considered a human right, in accordance with Article 77 of
the Constitution of the Republic of Angola. In that way, the Angolan state ensures that all
citizens have the right to medical and health care (MINSA, 2014).

2.4.1. Country Health Profile

Despite a slight improvement in the country's main global health indicators, the health
status of the Angolan population is characterized by low life expectancy at birth, high
maternal and child mortality rates, a high burden of communicable diseases and growing of
chronic and degenerative diseases, high incidence of infectious and parasitic diseases,
especially large endemics, respiratory and diarrheal diseases, a still high malnutrition level in
children under 5 years old, persistent outbreaks of Cholera, Rabies and Measles and an
exponential increase in Non-Communicable Chronic Diseases (NCDs) (MINSA, 2014).
Communicable diseases are still responsible for more than 50% of deaths in the population as
well as premature mortality (MINSA, 2014; PNDS, 2014).

Malaria, diarrheal diseases, acute respiratory infections, measles, tetanus, and perinatal
infections constitute more than two thirds of child deaths in Angola (PNDS, 2014).
Institutional coverage of childbirth is limited for reasons of geographical, economic and
cultural accessibility. In 2009, the Survey of Population Welfare Indicators data reported 45%
of deliveries to health facilities. The main causes of direct obstetric mortality are due to
bleeding (33%), unsafe abortions (24%), septicaemia (17%), toxaemia (14%) and uterine
ruptures (9%). In 2012, malaria accounted for 46% of all deaths and for 56% of reported
morbidity cases in the country, according to the Angola Epidemiological Data Processing
Center (PNDS, 2014). Malaria represents about 35% of the demand for curative care, 20% of
hospitalizations, 40% of perinatal deaths and 25% of maternal mortality (DNSP, Annual
Report 2013 and PNCM- DNSP, IIMA Report 2011). In 2013, there were 2 487 306 cases
with 6518 deaths (IIMS, 2017; Ljolje et al., 2018).

The ADD ranking second after Malaria. In 2011, the prevalence was 537.575 cases,
with 769 deaths and the annual incidence rate was 8.589/100,000 inhabitants. Of the

registered cases, the highest incidence was found in the province of Luanda: 135,560 clinical
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cases, corresponding to 25.2% of the total (Pelkonen et al., 2018). The highest number of
deaths occurred in Huambo Province, with a specific fatality rate of 26% (PNDS, 2012).
Angola it has one of the mortality rate the high reported in children under-5 in the world, with
156.9 deaths per 1000 live births (Das et al., 2014; You et al., 2015). The prevalence of
diarrhoea is higher in children living in households that have inappropriate and shared toilets
than in children in households with appropriate and unshared toilets (IIMS, 2017; Pelkonen et
al., 2018).

The epidemiological situation of Tuberculosis (TB) is worrying in Angola, with
variations in different regions of the country due to the multiple factors as limited adherence
to treatment, inequalities, poverty and discrimination (PNCT, 2016). Tuberculosis is a
difficult disease to control. Individual and environmental factors affect adherence to TB
treatment that are aggravated by (i) high dropout rates, (ii) difficult access to vulnerable
groups, (iii) increased TB/HIV manufacturing, (iv) existence of strains resistant to anti-
tuberculosis drugs among others (PNCT, 2016). Tuberculosis has a negative impact on the
health and development of communities, mainly affecting the working-age population (15 to
39 years old). The annual incidence of pulmonary tuberculosis has increased since 2009 and
in 2013 it reached a rate of 277 cases / 100,000 inhabitants. This situation places Angola
among the high-risk countries, being considered an important public health problem with
negative consequences for the country's economy (Rando-Segura et al., 2018; WHO, 2016).
Tuberculosis is also considered one of the main opportunistic infections of AIDS in Angola
(MINSA, 2014; PNDS, 2014).

The HIV epidemic in Angola is considered widespread, with an estimated prevalence
of 2.0% in the 15-49-year-old population, lower than in other countries of sub-Saharan region.
Currently, national HIV data are derived from the 2016 Multiple Health Indicator Survey.
HIV prevalence in adult men (15-49 years old) is estimated at 1.2% and in women 2.6%
(Augusto, 2016; INE, 2016). Approximately 223,350 adults and 29,103 children live with
HIV/AIDS and 53% of people require antiretroviral therapy (ART) (MINSA, 2014).

The infection for HIV or Tuberculosis has many indirect effects on families and
society. For example, families where parents are sick with AIDS and/or tuberculosis are often
impoverished families due to unemployment and high medical bills pay (Population
Reference Bureau, 2018). When an HIV-positive mother advances towards the final stages of
AIDS, her children are 3.5 times more likely to die, whatever their infectious state, and are
four times more likely to die when the mother dies (Population Reference Bureau, 2018). A

parental loss is an additional evil for families and an extra effort for society. The epidemic has
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already produced about 12 million orphans on the African continent; nine percent of all
children will have lost at least their father or mother to AIDS, and one in six households with
children is treating orphans (WHO, 2001).

2.4.1.1. Fertility

Fertility is an important indicator in the assessment and plays a relevant role in a
country's population growth and demographic transition. Despite the state's efforts to ensure
gender equality, the current context and state of the national health system remains
disadvantageous to women's health, especially of reproductive age, due to the high maternal
mortality rate (IIMS, 2017).

Gender inequalities show harmful consequences on women's health and consequently
on children, and the male / female ratio of HIV infection is unbalancing to the detriment of
the latter (IIBEP, 2010; MPA, 2010). According to definitive 2014 census data, the annual
growth rate in Angola is 3.1% and the overall fertility rate is 6.2 being higher in rural areas
(8.2) than in urban areas (5.3) that is, on average, women in rural areas have three more
children than women in urban areas. Contributing to this situation is the high illiteracy rate
(66%) coupled with poor dissemination of contraceptive methods, problems with sex
education and low levels of education. From this set of circumstances result pregnancies and
unwanted children (INE, 2016).

Child and maternal mortality rate are among the highest in the world. The maternal
mortality rate is estimated at 450 deaths per 100.000 live births. Between 2001-2005 and
2011-2015, child mortality decreased from 81 to 44 deaths per 1.000 live births (1IMS, 2017,
WHO, 2016). The causes of stillbirth and early neonatal deaths are associated and it can be
difficult to distinguish from each other. Since the perinatal mortality rate covers stillbirths and
early neonatal deaths, the perinatal mortality rate provides a better measure of the mortality
level around childbirth. In the period 2011-2015, the perinatal mortality rate in Angola was 30
deaths in 1.000 pregnancies and the child and juvenile mortality was 68 deaths per 1.000 live
births. The main direct causes of under-5 mortalities are the diseases associated with
malnutrition (1IMS, 2017; MINSA, 2014; PNUD, 2018; WHO, 2016).

2.4.1.2. Health care services
The Angolan National Health System consists of three levels. The primary level
corresponds to the level of Primary Health Care (PHC) - represented by Health Posts/Centres,

Municipal Hospitals, nursing posts and medical offices, constitute the population’'s first point
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of contact with the Health System. The secondary level or intermediate level, represented by
general hospitals, is the reference level for the first level units. The tertiary level is
represented by the differentiated and specialized mono or multipurpose reference hospitals
and is the reference level for health units at the secondary level (MINSA, 2014; PNDS, 2012).
Despite the established hierarchy, the referral and counter-referral system has not been
operational due to several factors, mainly due to the lack of structure of the health system and

the consequent reduction of health coverage (Kendall et al., 2014).

2.4.1.3. Maternal and Child Health Care

The health services that a mother receives during pregnancy, childbirth and the period
immediately after childbirth are important for the survival and well-being of the mother and
child. The Ministry of Health, at its National Health Development Plan (PNDS, 2012-2025),
recommends that a pregnant woman should be observed at least in four prenatal consultations
in health units by a qualified health professional, with the first consultation taking place
during the first three months of pregnancy (UNAIDS, 2019). Several interventions are part of
the package of health care and services during pregnancy: assessment of the mother's health
status; verification of weight; checking blood pressure; conducting laboratory tests, including
testing for Syphilis and HIV; vaccination against tetanus; administration of micronutrients
(iron, folic acid and multivitamins); intermittent and preventive malaria therapy; and
distribution of mosquito nets treated with long-lasting insecticide. The level of coverage is
analysed according to the type of health service to which the woman has access, the number
of prenatal consultations during pregnancy, as well as the services and information provided
during prenatal care (1IMS, 2017; UNAIDS, 2019).

2.5. Problems in access to Health Care

It is considered that there are three obstacles to seeking health services: (i) the decision
to leave home, usually determined by the level of education of women, information on
essential family practices and cultural aspects related to “obtaining authorization”; (ii)
geographic, transport and financial barriers; (iii) assistance at the health unit. Seven out of ten
women reported at least one problem of access to health services. Obtaining money for
counselling or treatment (63%) and distance to the health unit (52%) are the most cited
problems in accessing health care (1IMS, 2017; UNAIDS, 2019).

The majority of women aged 15-49 (82%) who have had a live child in the past five

years have had at least one prenatal consultation with a qualified health professional, with

59



54% being attended by a registered nurse, 16% by a doctor and 12% by a midwife.*” Prenatal
care assistance, by a qualified health professional, decrease as the number of live births
increase; fewer women with six or more children had antenatal consultations in contrast with
than women with only one live-born child (IIMS, 2017; PNDS, 2014).

Newborn care is essential to reduce neonatal mortality. In Angola, to prevent, diagnose
and treat complications after childbirth, it is recommended that the mother and the newborn
have at least one consultation six days after delivery, as this is a critical period for both. About
a fifth of newborns received a consultation two days after birth (1IMS, 2017; UNAIDS, 2019).

2.6. Prevention of Mother-to-Child Transmission (PMTCT) Services in Angola.

HIV-1 mother-to-child-transmission (MTCT) is the main mode of infection among the
paediatric population and is disproportionately affecting children in impoverished countries.
Despite the decline in MTCT rate in recent years in most of the sub-Saharan Africa, it is
estimated that 150,000 children became newly infected with HIV in 2015 (Martin et al., 2017;
Mustapha et al., 2018). Children infected perinatally are at high risk of rapid disease
progression and death during the first year of life without antiretroviral therapy (ART)
(Marston et al., 2011).

Given the reported benefits of early ART initiation in reducing HIV-1-related
mortality and long-term morbidity and reducing the size of the HIV-1 reservoirs, early HIV-1
diagnoses in newborns represents the critical gateway to timely initiation of life-saving ART
(Bitnun et al., 2014; Goga et al., 2016; Martin et al., 2017). Serological assays do not permit
the early diagnosis of HIV-1 infection because of the persistence of maternal HIV-1
antibodies in infants during the first 12-18 months of life. The WHO recommends the use of
molecular-based virological testing to determine the infection status for HIV-1-exposed
infants during the first 4-6 weeks of life or at the earliest opportunity thereafter (Martin et al.,
2017).

In Angola between 2005 and 2012, the number of PMTCT sites increased from 9 to
347, and the number of HIV tests performed to pregnant women increased from 12 061 to 314
805. Despite expansion of PMTCT services, urgent action is needed to rapidly scale-up HIV
prevention and treatment services for HIV-positive pregnant women and for their children
(Augusto, 2016; Lussiana et al., 2012).

Currently in Angola, 34% of pregnant women living with the AIDS receive ART to
avoid contaminating the fetus (Augusto, 2016; UNAIDS, 2019). Data from the Joint United
Nations Programme on HIV/AIDS (UNAIDS) Program, project the difficulties experienced
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by many women in accessing health care. To reverse the effects of the disease, prevention and
treatment project was created (UNAIDS, 2019). An African Union initiative "Born Free to
Shine™ was born out to reduce the rate of HIV contamination from mother to child and is
related around the dissemination and mobilization actions (UNAIDS, 2019).

Addressing stigma and discrimination related to the disease, increasing the condom by
use by young people (aged 15 to 24) and improving the quality of paediatric care are some of
the measures to be implemented. It is estimated that in the world there are 2 million and 100
thousand children with HIV and most of them (65%) live in Sub-Saharan Africa (Augusto,
2016). In Angola, 86% of children infected under the age of 14, are not receiving any
antiretroviral treatment (UNAIDS, 2019).

In most African countries there are PMTCT services, but the coverage is limited and
its use varies between countries and within each country. In 1998, the first pilot projects
started to demonstrate the viability of PMTCT programs in countries with high HIV
prevalence. In 2004, only 10% of women were tested for HIV through PMTCT services, and
only 8.7% of HIV-positive pregnant women received prophylactic antiretroviral (ARV)
treatments globally. In East and Southern Africa, where these services are most needed, 17%
of women have been identified as HIV positive through HIV screening in PMTCT services
and only 11% of the projected total of pregnant women HIV-positive women received ART
prophylaxis (WHO, 2020). In West and Central Africa, coverage is even lower, only 3% of
women infected were identified, and only one percent received ART prophylaxis (WHO,
2020). This value does not include women that become infected during pregnancy, when they
appear to be especially vulnerable to infections. Some reports suggest that in places where
HIV prevalence is high, about five percent of pregnant women can become infected (Elwell,
2016; WHO, 2020). Also the value does not include women who have been tested for HIV in
the very early stages of infection, once HIV-specific antibodies are not yet detectable; only
detectable through a repeat HIV test at 36 weeks of pregancy or even later. Thirty-nine sub-
Saharan countries have implemented PMTCT programs, but only two of them, Botswana and
Mauritius have achieved universal coverage (Goga et al., 2016; WHO, 2020).

The provision or acceptance of postnatal service is still a weak point of continued
health services for women and their babies. Most women and their newborns are lost to the
health system after delivery, but paradoxically, vaccination rates for Bacillus Calmette-Guérin
(BCG) and the three doses of diphtheria vaccine, whooping cough and tetanus remain high
(76 and 65 percent respectively), suggestting that families are still within reach of formal
health services (Goga et al., 2016; WHO, 2020).
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A review of the last six years of implementation of the PMTCT shows that progress
has been made in some areas and that the most significant progress has been the widespread
increase consciousness of the problem of vertical transmission of the HIV, and in the response
of government. Despite these encouraging signs, resources and local commitment to improve
the quality of services provided to the entire population has been little animators (Elwell,
2016).

2.7. Conclusion

The health status of a population depends not only on the health system but on the
combination of various factors such as education and the environment, among others. A
country's socioeconomic and health indicators are an important tool for assessing the well-
being of a population. Therefore, understanding the health status of a population implies in
determining the expression of the social context in which this population lives, works and
circulates.

Based on the knowledge about distal determinants (education, work environment,
source of income, basic sanitation, housing, social services of health and culture),
intermediaries’ determinants (lifestyle of individuals, social networks, community) and
proximal determinants (age group, sex and hereditary factors) it is possible to create
indicators that will allow the establishment of more effective public health policies in the
management of health promotion and prevention.

In many countries, public policies are aimed at improving socioeconomic and health
indicators. In the case of health, primary prevention programs are implemented for systematic
diseases control. However, Angola is still in a “precarious” phase of socio-economic and
health development and there is no effective implementation of policies and strategic
orientations related for example to primary disease prevention. Several documents have
already been prepared by MINSA and its partners such as the Multiple Health Indicators
inquiry, health development plan among others.

Developed countries invest a lot of resources in programs and research on prevention,
early diagnosis and treatment of diseases. Given the importance of disease control and
prevention, it is imperative to find an approach that reaches the entire population of public
health systems. However, before implementing a disease control program it is essential to
know the epidemiology of these diseases to better define more cost and human resource

strategies. Taking in account that Angola is a country with approximately 24 million
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inhabitants and it is known that the epidemiology of the infection diseases is very variable in
the world, it is essential to obtain information on the epidemiological structure of infections.
The lack of health development in Angola is characterized by the poor quality of life
and the lack of basic education capable of leading the population to recognize measures to
prevent certain diseases and how to treat them, appealing for deep reflection and an attitude of
rapid changes in the area of education and health. Therefore, it is expected that this work can

contribute to planning and improvement of health actions in the Angolan population.
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CHAPTER 3

Serological prevalence of toxoplasmosis in pregnant women in
Luanda (Angola): Geospatial Distribution and Its Association

with Socio-demographic and Clinical-obstetric Determinants

This chapter correspond to the article:

Ameélia N Vueba, Clarissa P Faria, Ricardo Almendra, Maria C Sousa (2020), “Serological
prevalence of toxoplasmosis in pregnant women in Luanda (Angola): Geospatial Distribution
and Its Association with Socio-demographic and Clinical-obstetric Determinants”, Published
in: PLoS ONE 15(11): e0241908.
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3.1. Abstract

We report a study on toxoplasmosis in pregnant women in Luanda, Angola,
determining the seroprevalence, geospatial distribution and its association with socio-
economic features, dietary habits and hygiene and health conditions. Anti-Toxoplasma gondii
(Anti-T. gondii) IgG and IgM were quantified in serum samples of women attended at the the
Lucrecia Paim Maternity Hospital between May 2016 and August 2017. The 1gG avidity test
and gPCR assay were used for dating the primary infection. Data were collected by
questionnaire after written consent, and spatial distribution was assessed through a Kernel
Density Function. The potential risk factors associated with Toxoplasma infection were
evaluated using bivariate and multivariate binomial logistic regression analysis. Anti-T.
gondii antibodies were quantified in 878 pregnant women, and 346 (39.4%) samples were IgG
positive, 2 (0.2%) positive for IgM and IgG, and 530 (60.4%) negative for both
immunoglobulins. The longitudinal study showed that none of the seronegative women
seroconverted during the survey. Regarding other infections, 226 (25.7%) were positive for
hepatitis B, while 118 (13.4%) were HIV-positive. The seroprevalence of toxoplasmosis was
similar in most municipalities: 43.8% in Cazenga (28 of 64); 42.5% in Viana (88 of 207);
42.3% in Cacuaco (22 of 52); and 41.1% in Luanda (179 of 435). In contrast, the
seroprevalence in municipality of Belas was lower (25.8%; 31 of 120) and bivariate and
multivariate analysis has shown a lower risk for toxoplasmosis in this area (OR 0.479, CI:
0.305-0.737; OR 0.471, CI: 0.299-0.728). The multivariate analysis has shown a significant
increased risk for toxoplasmosis in women in the last trimester of pregnancy (OR 1.457, CI:
1.011-2.102), suffering spontaneous abortion (OR 1.863, ClI: 1.014-3.465) and having pets at
home (OR 1.658, ClI: 1.212-2.269). Also, women who tested positive for hepatitis B (OR
1.375, CI: 1.008-1.874) and HIV (OR 1.833, CI: 1.233- 2.730) had a significant increased
risk for T. gondii infection. In conclusion, our study showed that a large number of pregnant
women are not immunized for toxoplasmosis and identified the risk factors for this infection
in Luanda. It is crucial to establish the diagnosis of primary maternal infection as well as the
diagnosis of congenital toxoplasmosis. Our results underlined the need for diagnostic and

clinical follow-up of toxoplasmosis, HIV and hepatitis B during pregnancy.
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3.2. Introduction

Toxoplasmosis is a cosmopolitan zoonosis that can affect humans as well as all warm-
blooded animals, including mammals and birds. Toxoplasmosis is an infectious disease
caused by T. gondii, an obligate intracellular protozoan that has the ability to invade and
multiply in any nucleated cell. During its life cycle, it presents three evolutionary forms: (i)
the tachyzoite, (rapidly growing life stage) present during acute infection, (ii) the bradyzoite,
(slow growing life stage) present during chronic infection in tissue cysts, and (iii) the
sporozoite (spore-like form), protected inside an oocyst, shed by feline hosts in feces (Dubey,
2009; Dubey et al., 1998; Montoya & Liesenfeld, 2004).

The most common transmission routes of toxoplasmosis are by oral means, either by
eating undercooked contaminated meat that contains cysts or by ingesting water and
uncooked foods contaminated with sporulated oocysts, and the congenital pathway, mother-
to-child transmission during pregnancy. Less frequent transmission occurs through blood
transfusion and organ transplant (Galvan-Ramirez et al., 2018; Halonen & Weiss, 2013; Hill
& Dubey, 2002; Montoya & Liesenfeld, 2004). Congenital infection is one the most serious
forms of toxoplasmosis, occurring during acute toxoplasmosis in a seronegative mother when
tachyzoites present in the blood cross the placenta and infect the fetus (Galvan-Ramirez et al.,
2012; Hernandez-Cortazar et al., 2015; Hill & Dubey, 2002).

Maternal infections are predominantly asymptomatic or cause only mild symptoms,
including malaise, night sweats, myalgia, hepatosplenomegaly, swelling of the lymph nodes
and fever (Leeper & Lutzkanin, 2018). Frequency of congenital transmission and severity of
the infection varies considerably according to the gestation time at which the woman became
infected. During the first trimester, transplacental transmission is relatively low (<20%),
increasing up to 90% by the end of pregnancy (Ortiz-Alegria et al., 2010; Jones et al., 2003).
Nevertheless, frequency of transmission and severity of the disease are inversely related.
Congenital infection acquired in the first and second trimesters may result in severe
congenital toxoplasmosis with spontaneous abortion, hydrocephaly, cerebral calcifications
and mental retardation (Hernandez-Cortazar et al., 2015; Montoya & Liesenfeld, 2004).
Whilst in late maternal infection (third trimester) the damage tends to be lower. Clinical
manifestations range from chorioretinitis (occurring in 90% of cases), learning disability,
sensorineural hearing loss, and cerebellar or motor dysfunction (Leeper & Lutzkanin, 2018).

Toxoplasmosis has a cosmopolitan distribution with seroprevalence rates range from
10% to 90% (Pappas et al., 2009). The prevalence of toxoplasmosis varies dramatically

between countries and often within different regions of the same country or between different
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communities in the same region. Generally, developing countries have a higher incidence than
industrialized countries. Areas of high prevalence have been documented in Latin America,
Eastern/Central Europe, the Middle East, Southeast Asia and in tropical countries in Africa.
Low prevalence has been observed in North America, in South East Asia, in Northern Europe,
and in Sahelian countries of Africa (Pappas et al., 2009; Robert-Gangneux & Dardé, 2012).

In Angola, a country in South West Africa with a population of over 25 million, few
studies on toxoplasmosis have been conducted in recent years (Lobo et al., 2017; Lépez et al.,
1992; Martins & Abranches, 1976). To date, only one study on the prevalence of antibodies to
T. gondii in pregnant women has been conducted in Luanda (Lobo et al., 2017) and the
prevalence of congenital toxoplasmosis is not known. Also, no research to date has been
explored the overall seroprevalence of T. gondii infection among women in Angola, nor have
the risk factors associated with the infection been examined in a regional context.

The objective of this study was to determine the seroprevalence of toxoplasmosis in
pregnant women who attended a referral maternity facility located in Luanda (Angola), and to
provide a detailed analysis of the geographical distribution. The study also evaluated the
influence of demographic variables, socio-economic features, dietary habits, and hygiene and
health conditions on the T. gondii infection. This knowledge is essential for the development
of effective prevention and control strategies and the implementation of the Toxoplasmosis

Surveillance Program in the Angolan NHS network.

3.3. Material and methods

3.3.1. Ethical Considerations

The present study has been approved by the Research Ethics Committee of of Lucrécia
Paim Maternity Hospital (LPMH) through the National Institute of Public Health of the
Republic of Angola (n° 301019; S1 File). Participating individuals provided a written signed
informed consent prior to sample collection and for participants younger than 18 years,
informed consent was provided by parents or guardians after a detailed explanation of the
objectives of the work.

3.3.2. Study Area

The Republic of Angola is located on the west coast of sub-Saharan Africa (Figure 4).
It is one of the largest countries of the continent, with a surface of 1,246,700km? and near
25.8 million inhabitants (INE, 2014). Angola, like most developing countries, has a fairly
young population (INE, 2014). The population aged 0-14 years is 12,196,496, representing
47% of the total resident population (INE, 2014). It is estimated that there are 48% of men
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and 52% of women and that children under 5 years old constitute 15% of the total population
(INE, 2014). The economically active population is less than 50%, with a large number of
state and family dependents. Women of reproductive age (1549 years) make up about 44%
and the estimated fertility rate is 6.2 children per woman (INE, 2015). Luanda is the capital
and largest city in Angola, located on the coast with the Atlantic Ocean (Figure 4), is also the
primary port and economic center of the country. According to the last census conducted in
2014, Luanda has a population of 6,945,386 inhabitants and is composed of 7 municipalities:

Belas, Cacuaco, Cazenga, I"colo and Bengo, Luanda, Quissama and Viana (INE, 2014).
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Figure 4: Localization of Luanda province; Angola, and their municipalities: Luanda, Cacuaco,

Cazenga, Icolo and Bengo, Quissama and Viana.

3.3.3. Study Population

Pregnant women monitored for routine prenatal assessment at LPMH, a reference
maternity in Angola, located in Luanda, were included in the study. The referred maternity is
a public health institution specializing in maternal and child health care, teaching and research.
The health institution offers outpatient and inpatient services, has 400 beds for hospitalization.
The study included women aged from 15 to 47 years, who had a pregnancy confirmed by
ultrasonography and laboratory tests. For the obstetric follow-up we counted on the
collaboration of the medical and nursing team of the department of obstetrics of the LPMH.
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3.3.4. Sociodemographic, clinical, behavioral and housing characteristics of the
pregnant women

An individual survey questionnaire was used to collect epidemiological variables (age,
educational level, occupation, marital status and residing area), clinical information
(gestational age and number of births), risk factors for T. gondii infection such as pets’ species
at home, especially cats, where they defecate and the type of food consumed, frequent contact
with animals other than their own, presence of rodents in or near the house, contact with soil/
gardening, if recently had a blood transfusion, if recently had some sting with needle or sharp
objects and past medical history (history of miscarriage, prematurity, presence of any under
lying disease as hepatitis B and HIV) (S2 File). Information’s about basic sanitation
(availability of drinking water, toilets at home and garbage disposal) and alimentary habits
(breeding animals for home consumption; consumption of raw/undercooked meat, game, raw
eggs, and unwashed raw/vegetables/fruit) were asked. Some questions about the knowledge of
toxoplasmosis, if pre-natal consultation is performed in all pregnancies and history of abortion

were also included in the questionnaire (S2 File).

3.3.5. Blood sample collection and laboratory procedures

A cross-sectional and a longitudinal survey were carried out from August 2016 to May
2017. The longitudinal study included pregnant women in the first and second trimesters of
pregnancy (n = 653) and the cross-sectional study included pregnant women in the third
trimester (n = 225) (Figure 5).
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Figure 5: Flow chart of study sample and analyses for toxoplasmosis survey: (a) flow chart focuses
on the longitudinal study, including only women in the 1st and 2nd trimester of pregnancy; (b) flow

chart focuses on the cross-sectorial study, including only women in the 3rd trimester of pregnancy.

From each pregnant woman venous blood was collected and serum samples were
obtained after centrifugation. These serum samples were immediately transferred (properly
packaged in dry ice) to the Clinical Pathology Service of Clinica Sagrada Esperanca (Luanda)
and kept at -80°C until serological analysis. Quantification of anti-T. gondii 1gG and IgM
antibodies was performed by Electrochemiluminescence (ECL) using commercially available
kits for COBAS e411 (Roche Diagnostics, Germany). The results of anti-T gondii 1gG and
IgM were expressed as IU/mL and (Cut-off index) COI, respectively. Values <1 IU / mL of
anti-T gondii IgG antibodies were considered negative and values > 3 IU / mL were
considered positive. Values <0.8 COI of IgM anti-T gondii antibody were considered negative
and values =21.0 COI were considered positive. Serum follow-up samples were collected in
the second and third trimesters for seronegative women included in the longitudinal study
(Figure 5). All these sera were tested concurrently with the initial sample. Also a second
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sample was collected at least 3—4 weeks after the initial sample of all women suspected of
having active primary infection by T. gondii, i.e. 1gG-/IgM+. On samples that were
lgG+/IgM+, a IgG avidity test was performed (Elecsysl Toxo 1gG Avidity, Roche
Diagnostics, Germany). Values <70% were considered as low avidity (<70 Avi% = low
avidity) and values =80% were considered as high avidity (=80 Avi% = high avidity.) Values
70% < value <80% are considered gray zone. Detection of anti-HIV antibodies (total anti-
HIV-1, anti-HIV-2 and HIV-1 p24 antigen) was performed by ELFA using commercial kits
for VIDAS (HIV DUO Ultra, HIV5 and HIV P24 1) (Biomerieux, Portugal). The hepatitis B
infection was characterized by the detection of antigens (anti-HBs Ag, HBe Ag) and
antibodies Anti-HBc Total 1I, HBc IgM, Anti-HBsT Il) using ELFA commercial Kits for
VIDAS (Biomerieux, Portugal).

3.3.6. Molecular study

In IgM and 1gG seropositive women, placental samples were collected by the medical
team on the day of the babies’ birth and immediately transported to Clinica Sagrada
Esperanca. DNA was extracted from placental fragment using the NZY Tissue gDNA
Isolation kit (Nzytech, Portugal) according to the manufacturer’s instructions and kept at -
20°C. Extracted DNA was analyzed by nested-PCR using primers for B1 gene locus (Table 3)
(Burg et al., 1989). Amplification of the B1 gene was performed with primers B1F1 and
B1R1 in the primary PCR, and with B1F2 and B1R2 primers in the secondary reaction,
generating a 213bp fragment. All reactions contained 12.5uL of DyNAzymell PCR Master
Mix (Finnzymes, Finland), 1uL of each primer (10pmol/uL), 2uL of extracted DNA and
8.5uL of sterile water, performing a final volume of 25ul. PCR was carried out on the MJ
Mini™ Thermal Cycler (BioRad). After an initial denaturation of 94°C for 5min, a set of 35
cycles was run, each consisting of 30s at 94°C, 30s of annealing (54°C for the primary
reaction, 60°C for the second), and 60s at 72°C, followed by a final extension step of Smin at
72°C. Toxoplasma DNA sample and nuclease free distilled water were used as positive and
negative controls, respectively. The PCR products were analyzed on 1.5% agarose gels

stained with ethidium bromide and visualized using a gel documentation system (Uvitec, UK).
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Table 3: List and sequence of primers for T. gondii B1 gene locus.

Primer Sequence (5-3") Target
B1F1 CCGTTGGTTCCGCCTCCTTC -
T. gondii B1 gene
B1R1 GCAAAACAGCGGCAGCGTCT ]
(GenBank accession no.

B1F2 CCGCCTCCTTCGTCCGTCGT

AF179871)
B1R2 GTGGGGGCGGACCTCTCTTG

3.3.7. Geospatial analysis

The address of pregnant women was collected during the interview allowing the
identification of the residence place. This information was converted into geographic
coordinates (latitude and longitude) through the www.google.pt/maps/. The spatial
distribution of pregnant women was assessed through a Kernel Density Function that allowed

the estimation of the intensity of events across a surface (S3 File).

3.3.8. Statistical Analysis

The data entry was carried out using Excel software and analyzed by Statistical
Package for the Social Sciences (SPSS) version 20. Percentages were used to perform
exploratory analysis of the categorical variables and quantitative variables are presented as
mean + standard deviation (SD).

The statistical analysis was developed in three steps: 1) Fisher’s exact test was used to
compare the number of events of seropositivity between the risk factors identified; 2)
Bivariate binomial logistic regression were developed to assess the effect of different risk
factors on toxoplasmosis seroprevalence; 3) Multivariate binomial logistic regression models
were applied to account for the the impact of age on the effect of different risk factors on
toxoplasmosis seroprevalence. The level of statistical significance was set as p<0.05, and
Odds Ratio (OR) and 95% Confidence Intervals (95% CI) were computed.

3.4. Results

Between August 2016 and May 2017, a total of 878 pregnant women from Luanda
(Angola) were tested for anti-T. gondii antibodies. No clinical complaint related to disease
was made at the time of the serosurvey. The study has revealed 348 (39.6%) positive samples
for anti-T. gondii antibodies (Table 4). Of these, 346 (39.4%) samples were positive for the
IgG antibody and 2 (0.2%) for both 1gG and IgM antibodies. In total, 530 (60.4%) of women

were seronegative for T. gondii antibodies. In the two positive samples for IgM and IgG
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antibodies, the 1gG avidity test results (high avidity) showed that these women had a chronic
Toxoplasma infection.

Table 4: Distribution of IgG and/or IgM antibodies to T. gondii of seropositive and
seronegative pregnant women from Luanda (Angola).

Seroprevalence Positive (%0) Negative (%)
Overall prevalence 348 (39.6) 530 (60.4)
Anti-T.gondii 1gG 346 (39.4) 532 (60.6)
Anti-T.gondii IgM 0(0) 878 (100)
Anti-T.gondii IgM/1gG 2(0.2) 876 (99.8)

In the longitudinal study, a total of 653 pregnant women were followed during
gestation: 408 (62.5%) were seronegative and of these 178 (33.6%) were in their first
trimester of pregnancy and 230 (43.4%) in the second trimester (Table 5). These women were
followed throughout the pregnancy and remained seronegative until the end of the pregnancy.
Of the 245 (37.5%) seropositive pregnant women, 97 (27.9%) were in the first trimester of
pregnancy, and 148 (42.5%) in the second trimester (Table 5).

In the cross-sectional study, 225 pregnant women in the third trimester were included,
with 103 seropositive for T. gondii and 122 seronegative (Table 5). Once these women were
in the last trimester of gestation no more samples were collected. The ages of the pregnant
women ranged from 15 to 47 years, with an average of 29.7+5.8 (Mean=SD; median = 30)
(Table 5). The majority of participants were between 26 and 35 years of age (n = 504).
Ninety-nine percent of participants (n = 869) were educated above the primary grade level,
and a lesser number had no occupation outside home (22.9%). In relation to marital status,
596 pregnant women reported being single (67.9%) and 282 (32.1%) married (Table 5). In
relation to gestational age, 275 (31.2%) were in the first trimester of pregnancy, 378 (43.1%)
in the second trimester and 225 (25.6%) in the third trimester. The mean gestational age was
19.8+9.4 weeks (Mean+SD; median = 16). The majority of the pregnant women had more
than three children (414; 47.1%), with a mean birth rate of 1.2+0.8 (Mean+SD; median = 1.0).

No children were born prematurely although 45 (5.1%) women suffered spontaneous
abortion while the present study was under way (Table 5). Additionally, 854 (97.3%) women
stated that they were monitored for routine prenatal assessment in all their pregnancies and

478 (54.4%) reported history of miscarriage. Regarding other infectious diseases, 226 (25.7%)
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were seropositive for hepatitis B and 118 (13.4%) for HIV virus. We also observed a high

number of pregnant women (812; 92.5%) who were unaware of T. gondii disease. In relation
to pets, 222 (25.3%) pregnant women had animals at home: 183 (20.85%) with dogs, 35 (4%)
with cats and 4 (0.45%) with both. The majority of cats defecated outside home and were fed
with food scraps (cooked) (30; 3.4%). The majority of the participants (602; 68.6%) stated

that they only had contact with their own pets and not with those of others. Reports of the

presence of rodents in or nearby the house were high (715, 81.4%) and a lesser number of

pregnant women had contact with soil or were engaged in gardening (157, 17.9%) (Table 5).

Table 5: Characteristics of seropositive and seronegative pregnant women to T. gondii, according to

the independent categorical variables evaluated.

Characteristics Prc])silot/g\;e Serop{oe/;/)alence Nﬁg(%}(:;/e Serop(rf/;/)alence Total
Age group (years)

<19 7(2.0) 17.5 33(6.2) 82.5 40 (4.6)
20-25 53 (15.2) 27.5 140 (26.4) 72.2 193 (21.9)
26-35 222(63.8) 44.0 282 (53.2) 56.0 504 (57.4)
36-47 66 (19.0) 46.8 75 (14.2) 53.2 141 (16.1)
Education

Iliterate 5 (1.4) 55.6 4(0.7) 44.4 9 (1.0
Elementary School 137 (39.4) 40.1 205 (38.7) 59.9 341 (38.9)
High school 172 (49.4) 39.3 266 (50.2) 60.7 439 (50.0)
Higher education 34 (9.8) 38.2 55 (10.4) 61.8 89 (10.1)
Occupation

Homemakers 86 (24.7) 42.8 115 (21.7) 57.2 201 (22.9)
Public function 103 (29.6) 36.7 178(33.6) 63.3 281 (32.0)
Student 77 (22.1) 40.3 114 (21.5) 59.7 191(21.8)
Restoration 50 (14.4) 45.0 61(11.5) 55.0 111(12.6)
Street vendor 20 (5.7) 37.0 34 (6.4) 63.0 54 (6.1)
Store clerk 12 (3.5) 30.0 28 (5.3) 70.0 40 (4.6)
Marital status

Married 108 (31.0) 38.3 174(32.8) 61.7 282 (67.9)
Single 240 (69.0) 40.3 356 (67.2) 59.7 596 (32.1)
Gestational age

1st Trimester 97(27.9) 35.3 178 (33.6) 64.7 275 (31.3)
2nd Trimester 148 (42.5) 39.2 230 (43.4) 60.8 378 (43.1)
3rd Trimester 103 (29.6) 45.8 122 (23.0) 54.2 225 (25.6)
Number of births

0 79 (22.7) 35.6 143(27.0) 64.4 222 (25.3)
1 79(22.7) 32.6 163 (30.8) 67.4 242 (27.6)
>2 190 (54.6) 45.9 224 (42.2) 54.1 414 (47.1)
Spontaneous abortion

Yes 27 (7.8) 60.0 18 (3.4) 40.0 45 (5.1)
No 321 (92.2) 38.5 512 (96.6) 61.5 833 (94.9)
Hepatitis B infection

Negative 245 (70.4) 37.6 407 (76.8) 62.4 652 (74.3)
Positive 103 (29.6) 45.6 123 (23.2) 54.4 226 (25.7)
HIV status

Negative 287 (82.5) 37.8 473 (89.2) 62.2 760 (86.6)
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Positive 61 (17.5) 51.7 57 (10.8) 48.3 118 (13.4)

Awareness of

toxoplasmosis

Does not know anythin

about the disease ything 318 (91.4) 39.2 494 (93.2) 60.8 812 (92.5)

Heard speak, but do not

KNOW ar?ything about it 26(7.5) 47.3 29 (5.5) 52.7 55 (6.3)

g”ow anything about the 4(1.1) 36.4 7(13) 63.6 11 (1.2)
isease

Pre-natal consultation was

performed in all

pregnancies

Yes 335 (96.3) 39.2 519 (97.9) 60.8 854 (97.3)

No 13 (3.7) 54.2 11 (2.1) 45.8 24 (2.7)

History of abortions

Yes 217 (62.4) 45.4 261 (49.2) 54.6 478 (54.4)

No 131 (37.6) 32.8 269 (50.8) 67.2 400 (45.6)

Pet at home

Cats 91 (26.1) 49.7 92 (17.4) 50.3 183 (20.8)

Dogs 11 (3.2) 314 24 (4.5) 68.6 35 (4.0)

Dogs and cats 4(1.2) 100.0 0 (0.0 000.0 4 (0.5)

No 242 (69.5) 36.9 414 (78.1) 63.1 656 (74.7)

Cats’defecating habits

Inside home 1(0.3) 16.7 5(0.9) 83.3 6 (0.7)

In the vicinity of the house 10 (2,9) 47.6 11 (2.1) 52.4 21 (2.4)

Far from the house 6 (1.7) 50.0 6 (1.1) 50.0 12 (1.4)

No 331 (95.1) 39.5 508 (95.9) 60.5 839 (95.5)

Cats” feeding habits

Raw / uncooked meat 1(0.3) 33.3 2 (0.4) 66.7 3(0.3)

Cooked meat 15 (4.3) 50.0 15 (2.8) 50.0 30 (3.4)

Cat food 1(0.3) 16.7 5(0.9) 83.3 6 (0.7)

No 331 (95.1) 39.5 508 (95.9) 60.5 839 (95.6)

Contact with other

animals

Yes 101 (29.0) 36.6 175 (33.0) 63.4 276 (31.4)

No 247 (71.0) 41.0 355 (67.0) 59.0 602 (68.6)

Rats near the house

Yes 278 (79.9) 38.9 437(82.5) 61.1 715 (81.4)

No 70 (20.1) 42.9 93 (17.5) 57.1 163 (18.6)

Sand/soil contact

Yes 69 (19.8) 43.9 88 (16.6) 56.1 157 (17.9)

No 279 (80.2) 38.7 442 (83.4) 61.3 721 (82.1)

Recent blood transfusion

Yes 3(0.9) 42.9 4 (0.8) 57.1 7 (0.8)

No 345 (99.1) 39.6 526 (99.2) 60.4 871 (99.2)

Recently had some sting

with needle or sharp

objects

Yes 9 (2.6) 36.0 16 (3.0) 64.0 25(2.8)

No 339 (97.4) 39.7 514 (97.0) 60.3 853 (97.2)

Consumption of washed

fruit/vegetables

Always 259 (74.4) 40.7 377 (71.1) 59.3 636 (72.4)

Sometimes 89 (25.6) 36.8 153 (28.9) 63.2 242 (27.6)

75



Raw/uncooked meat
consumption

Yes 81 (23.3) 375 135 (25.5) 62.5 216 (24.6)

No 267 (76.7) 40.3 395 (74.5) 59.7 662 (75.4)

Consumes raw or
undercooked egg

Yes 122 (35.1) 36.5 212(40.0) 63.5 334 (38.0)

No 226 (64.9) 415 318 (60.0) 58.5 544 (62.0)

Consumption of meat
from hunting sources

Yes 99 (28.4) 40.4 146 (27.5) 59.6 245 (27.9)

No 249 (71.6) 39.3 384 (72.5) 60.7 633(72.1)

Creation animals for own
consumption

Yes 29 (8.3) 43.9 37 (7.0) 56.1 66 (7.5)
No 319 (91.7) 39.3 493 (93.0) 60.7 812 (92.5)
Access to basic sanitation

Yes 227 (65.2) 40.7 331 (62.5) 59.3 558 (63.6)
No 121 (34.8) 37.8 199 (37.5) 62.2 320 (36.4)
Total 348 - 530 - 878

In relation to blood transfusions, only 7 (0.8%) pregnant women reported having
recently had a blood transfusion and 25 (2.8%) reported having recently been subjected to a
needle/syringe prick or intervention (Table 5). The type of food consumed, as well as the
conditions under which it was consumed, was also of interest in the present study: 636
(72.6%) wash fruits and vegetables before consumption; 216 (24.6%) consume raw or
undercooked meat; 334 (38.0%) consume raw or undercooked eggs, and 245 (27.9%) reported
having eaten game meat. Only 66 (7.5%) raise animals for individual consumption. Over half
of the women (558; 63.6%) answered that they have proper garbage disposal, drinking water
and toilets at home.

As expected, Luanda had a greater number of T. gondii seropositive pregnant women
(179 of 348 positive cases; 51.4%) since it has the larger population surveyed (435 of 878;
49.5%) (Table 6). The other municipalities had 168 positive cases (48.6%) and we did not
have participants from Quissama. However, the prevalence of toxoplasmosis was similar in
almost over municipalities: 43.8% in Cazenga (28 of 64); 42.5% in Viana (88 of 207); 42.3%
in Cacuaco (22 of 52); and 41.1% in Luanda (179 of 435). In contrast, the seroprevalence in
municipality of Belas was lower when compared to the other municipalities (25.8%; 31 of
120) (Table 6).
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Table 6: Number of seropositive and seronegative pregnant women to T. gondii by

municipalities of the province of Luanda, Angola.

Municipality Prc])s(iot/io\)/e Serop{oe/;/)alence Nﬁg(ao};;/e Serop{oe/;/)alence Total
Belas 31 (9.0) 25.8 89 (16.8) 74.2 120 (13.7)
Cazenga 28 (8.0) 43.8 36 (6.8) 56.2 64 (7.3)
Cacuaco 22 (6.3) 42.3 30 (5.7) 57.7 52 (5.9)
Luanda 179 (51.4) 41.1 256 (48.3) 58.9 435 (49.5)
Viana 88 (25.3) 42.5 119 (22.4) 57.5 207 (23.6)
Icole and Bengo - - - - -
Quissama - - - - -
Total 348 - 530 - 878

In the univariate analysis, the

risk factors associated with toxoplasmosis

seroprevalence included the maternal age (p <0.0001), gestational age (3rd trimester, p =
0.0328), have children (p = 0.026), spontaneous abortion (p = 0.0048), hepatitis B (p = 0.040)
and HIV seropositive (p = 0.005), history of miscarriage (p = 0.0001), and owning pets (dog,

cat or both) (p = 0.032) (Table 7). Other analyzed factors such as education, employment,

contact with sand/soil, consumption of fruit/vegetables and meat ingestion were not

associated with seropositivity of the surveyed population.

Table 7: Univariate analysis of associated risk factors for seropositivity of 1gG anti-T. gondii

antibodies in 878 pregnant women, from 2016 to 2017, in Luanda province, Angola.

. Positive Total
Variables n (%) n (%) OR (95%CiI) p-value
Age range
< 25 years old 60 (25.8) 233(26,5) | 0.4299 (0.3084;0.5993) | < 0.0001*
> 25 years old 288 (44.7) | 645 (73.5)
Education
Low (up to elementary school) 142 (40.6) | 350 (39.9) 1.067 (0.809; 1.406) 0.6726
High _ (high school or higher 206 (39.0) | 528 (60.1)
education)
Employment
No (homemakers) 86 (42.8) | 201 (22.9) 1.185 (0.8606; 1.630) 0.3246
Yes 262(38.7) | 677(77.1)
Marital status
Married 108 (38.3) | 282(67.9) | 0.9207 (0.6885; 1.231) 0.6053
Single 240 (40.3) | 596 (32.1)
Gestational age
Pregnant woman (1st-2nd trimester) | 245 (37.5) | 653 (74.4) | 0.7113(0.5235; 0.9663) | 0.0328*
Pregnant woman (3rd trimester) 103 (45.8) | 225 (25.6)
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Children

Yes 269(41.0) | 656(74.7) 1,445 (1,051 ; 1,986) 0,0260*
No 79 (35.6) | 222 (25.3)

Spontaneous abortion

Yes 27 (60.0) 45 (5.1) 2.393 (1.297;4.415) 0.0048*
No 321 (38.5) (82_39)

Hepatitis B infection

Yes 103 (45 .6) | 226 (25.7) 1.391 (1.024; 1.889) 0.0400*
No 245 (37.6) | 652 (74.3)

HIV status

Yes 61 (51.7) | 118 (13.4) 1.764 (1.194; 2.605) 0.0050*
No 287 (37.8) | 760 (86.6)

History of abortion

Yes 217 (45.4) | 478 (54.4) 1.707 (1.296; 2.249) 0.0001*
No 131 (32.8) | 400 (45.6)

Pet at home

Yes 106 (47.7) | 222 (25.3) 1.417 (1.041; 1.927) 0.0320*
No 242 (36.9) | 656 (74.7)

Own cats

Yes 18 (46.2) 39 (4.4) 1.322 (0.694; 2.519) 0.4070
No 330(39.3) | 839 (95.6)

Contact with animals other than

their own

Yes 101 (36.6) | 276 (31.4) 0.830 (0.618; 1.113) 0.2350
No 247 (41.0) | 602(68.6)

Rats near the house

Yes 278 (38.9) | 715(81.4) 0.845 (0.599; 1.193) 0.3750
No 70 (43.0) | 163 (18.6)

Sand/soil contact

Yes 69 (43.9) | 157 (17.9) 1. 242 (0.876; 1.761) 0.2420
No 279 (38.7) | 721 (82.1)

Recent blood transfusion

Yes 3(42.9) 7 (0.8) 1.143 (0.254; 5.143) 1.0000
No 345 (39.6) | 871(99.2)

Recently had some sting with

needle or sharp objects

Yes 9 (36.0) 25 (2.8) 0.8529 (0.3725; 1.953) 0.8366
No 339 (39.7) | 853(97.2)

Consumption of washed

fruit/vegetables

Always 259 (40.7) | 636 (72.4) 1.199 (0.883; 1. 629) 0.2790
Sometimes 89 (36.8) | 242 (27.6)

Raw/uncooked meat consumption

Yes 81(37.5) 216 (24.6) 0.888 (0.647; 1.218) 0.4720
No 267 (40.3) | 662 (75.4)

Consumes raw or undercooked

€99

Yes 122 (36.5) | 334 (38.0) 0.793 (0.599; 1.143) 0.1180
No 226 (41.5) | 544(62.0)

Consumption of meat from
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hunting sources
Yes 99 (40.4) | 245 (27.9) 1.046 (0.774; 1.413) 0.8180
No 249 (39.3) | 633 (72.1)

Creation animals for own
consumption

Yes 29 (43.9) 66 (7.5) 1.211 (0.730; 2.010) 0.5130
No 319 (39.3) | 812(92.5)

Access to basic sanitation

Yes 227 (40.7) | 558 (63.6) 1.128 (0.851; 1.496) 0.4310
No 121 (37.8) | 320 (36.4)

Total 348 878

* Statiscally significant (p< 0.05)

The bivariate logistic regression analysis has shown a significant increased risk
associated to toxoplasmosis seroprevalence with pregnant women in the last trimester (OR =
1.521; p = 0.0225), suffering spontaneous abortion (OR = 2.404; p = 0.00499) and having pets
(OR = 1.573; p = 0.00386) (Table 8). Regarding the presence of co-infections, pregnant
women who tested seropositive for hepatitis B (OR = 1.400; p = 0.0311) or HIV (OR = 1.773;
p = 0.00396) were also associated with an increased risk for toxoplasmosis. Also showing an
increased risk for toxoplasmosis were pregnant women from 26-35 years of age (OR = 2.063;
p = 0.000027) and from 36-47 years of age (OR = 2.258; p = 0.00029), and those having
three or more children (OR = 1.631; p = 0.0245).

The multivariate logistic regression analysis (adjusted by age) confirm a significant
increased risk for toxoplasmosis in women in the last trimester of pregnancy (OR = 1.457; p =
0.0435), suffering spontaneous abortion (OR = 1.863; p = 0.0457), having pets at home (OR =
1.658; p = 0.0015), testing seropositive for hepatitis B (OR = 1.375; p = 0.0437) or HIV (OR
= 1.833; p = 0.0027) (Table 8). Potential associations between the area of residence and
toxoplasmosis were also examined (Table 8). Pregnant women residing in the municipality of
Belas were less likely to be seropositive for T. gondii by bivariate (OR 0.479; p = 0.00104)
and by multivariate analysis (OR 0.471; p = 0.0009) compared with other municipalities.
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Table 8: Binomial logistic regression models for the final analysis of risk factors associated
with seropositivity of 1gG anti-T. gondii antibodies in 878 pregnant women samples, from

2016 to 2017, in Luanda province, Angola.

Variables OR [ CI | p-value OR [cI | p-value

Unadjusted Adjusted by age

Maternal age
(Ref= <26years )

26-35 2.063 1.476-2.909 | 0.000027 *** | -

36-47 2.258 1.455-3.518 | 0.00029 *** -

Gestacional age
(Ref= 1st trimester)

2nd 1.180 0856-1.632 | 0312 1.165 0.841-1.616 0.3582

- *
3rd 1521 1061-2185 | 0.0225% 1.457 1.011- 2.102 0.0435

Number of births
(Ref=0)

land?2 1.190 0.859-1.656 | 0.2987 1.005 0.715-1417 0.9753

>3 1.525 0.996 - 2.337 | 0.0054** 1127 0.682-1.858 0.6390

Spontaneous
abortion
(Ref= No)

Yes 1984 | 1.086-3.667 | 0.0263* 1863 | 1.014-3.465 | 0.0457*

Hepatitis B
infection
(Ref= Negative)

Positive 1400 | 1.030-1.901 | 0.0311* 1.375 | 1.008-1.874 | 0.0437*

HIV status
(Ref= Negative)

1.833 1.233-2.730 | 0.0027*

Positive 1773 | 1.201-2.623 | 0.0039%*
History of

abortions (Ref=0)

>1 1726 | 1.311-2.278 | 0.00010%++ | 1320 1 0.945-1.849 1 0.1038
Pet at home

(Ref=0)

2l 1573 | 1.156-2.140 |0003gexx | 1698 | 1.212-2269 ) 0.0015%
Residence

(Ref= Luanda)

Belas 0479 | 0305-0737 | 0.00104** 0.471 ] 0.299-0.728 ) 0.0009*
Cazenga 1135 | 0.667-1.917 | 0.559 1149 1 0.671-1.956 | 0.6079
Cacuaco 0836 | 0452-1510 | 0.636 0.796 | 0.427-1.447 | 0.4616
Viana 1074 | 0.767-1502 | 0.673 1084 | 0.770-1.522 | 0.6418

* Statiscally significant (p < 0.05)
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Of the 878 pregnant women, the DNA was extracted from the placenta fragments of
only two participants, who were positive for IgM and 1gG antibodies. Corroborating with the
results of the IgG avidity test (high values), indicating a chronic infection, both samples were
negative for the T. gondii B1 locus gene (S4 File).

The geospatial distribution of pregnant women seropositive for T. gondii, HIV and
hepatitis B antibodies in Luanda can be observed in Figure 6. Based on participants’ place of
residence we observed a marked geographical pattern, with a high incidence density near
LPMH. The geographical distribution of pregnant women with and without antibodies to T.
gondii, HIV and hepatitis B was similar, and we observed a statistically significant spatial

dependency.
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Figure 6: Geographical distribution and Gaussian kernel density surface map of preghant women (A)
with 1gG anti-T. gondii antibodies (B), 1gG anti-HIV antibodies (C) and IgG anti-HBV antibodies (D)
in Luanda, Angola.
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3.5 Discussion

The current study estimated the prevalence of T. gondii infection among pregnant
women from Luanda province (Angola), evaluating some epidemiological aspects and
identifying the risk factors for toxoplasmosis in this population. Spatial analysis was applied
for the first time to the case of Luanda to describe the geographical distribution of
toxoplasmosis, HIV and Hepatitis B in pregnant women. To measure seroprevalence of
toxoplasmosis, anti-T gondii IgM and IgG quantification were performed on pregnant women
attending on LPMH from August 2016 to May 2017.

The seroprevalence of toxoplasmosis in our study was 39.6%, and this relatively high
value has been consistently reported by several studies conducted in similar populations
(Bamba et al., 2017; lbrahim et al., 2017; Kamal et al., 2015; Paul et al., 2018), even though
the prevalence is higher when compared to a previous study performed in Luanda (27.3%)
(Lobo et al., 2017). This difference might be related to the method used in the quantification
of anti-T. gondii IgG and IgM antibodies (Electrochemiluminescence) which has a high
sensitivity and specificity.

It is well documented that the prevalence of toxoplasmosis varies across countries, and
indeed contrasting data are observed: 6.2% in México (Alvarado-Esquivel et al., 2016); 4.5%
to 5.8% in Vietnam (Smit et al., 2019); 44.5% in Tanzania (Paul et al., 2018); 80.3% in the
DRC (Yobi et al., 2014); and 85.3% in Ethiopia (Abamecha & Awel, 2016). The differences
in prevalence rates in the worldwide population may be associated with various factors related
to each region/country and specific characteristics of the population as well with the
diagnostic methods used. Other examples include sanitary practices and eating/drinking habits,
presence of household felines, poor or lower socioeconomic status, contact with soil, lack of
knowledge about the disease, and the overall climate conditions that allow for the protracted
environmental survival of the parasite’s oocysts. In addition, felids infected with T. gondii are
largely asymptomatic and can spread the infection, contributing to high infection rates (de Wit
et al., 2019; Mareze et al., 2019; Pappas et al., 2009).

Previous studies report the relationship between maternal infection with congenital
toxoplasmosis, which is relatively low (<20%) during the first trimester and increases to up to
90% at the end of gestation (Jones et al., 2003; Ortiz-Alegria et al., 2010). Recently, the
global prevalence of acute Toxoplasma infection in pregnant women was estimated at about
1.1% (Rostami et al., 2019). This prevalence rate represents a significant burden of infection
in pregnant women, and suggests that a large number of newborns are at risk of acquiring

congenital toxoplasmosis in utero. In the present study, the seronegative pregnant women,
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which represented 60.4% of the participants, had follow-up during prenatal care and none of
them acquired toxoplasmosis. Initially, there was a suspicion of active toxoplasmosis in two
participants who tested positive for IgM and 1gG; however, the IgG avidity test allowed the
exclusion of recent infection in these two women’s. The IgG avidity test, that evaluates the
strength of binding of the IgG antibodies to T. gondii antigens, allowing the exclusion of a
chronic infection (those of high avidity), without risk to the fetus. The use of IgM and 1gG
avidity tests, together with the analysis of gestational age, has beneficial results in terms of
determining the risk of vertical transmission throughout the gestation, thus becoming a model
for decision making that is inexpensive and that avoids research and unnecessary treatments,
in some cases (Varella et al., 2009).

The characteristics of the individual pregnant women and details on home conditions
and food habits were collected using a structured questionnaire. The prevalence of T. gondii
infection increases with age and the bivariate logistic regression analysis showed that there
was a statistical association between the age groups and the positivity for 1gG anti-T. gondii,
with a higher probability of prior exposure for those aged 25 and over. These results were
similar to the findings of most surveys that included not only pregnant women, postpartum
and of reproductive age, but also those in the general population (Varella et al., 2003;
Oliveira-Bahia et al., 2001) and could be explained by the increase in exposure to sources of
infection throughout life (Avelar et al., 2018; Laboudi, 2017).

The multivariate logistic regression analysis (adjusted to age) revealed that gestational
age, actual spontaneous abortion and the presence of household pets increased the risk of T.
gondii seropositivity. However, contact with sand/soil, the type of food consumed and the
conditions under which food is consumed did not have any significant statistical correlation
with T. gondii seropositivity in pregnant women. The percentage of pregnant women with
prior exposure in the third trimester was high compared with the other trimesters, showing
that women in the last trimester of pregnancy had an increased likelihood of T. gondii
seropositivity.

Moreover, spontaneous abortion was the most common form of pregnancy loss in our
study, and is in line with other studies (Chintapalli & Padmaja, 2013; Kamal et al., 2015;
Sarkar et al., 2012). We observed a significant association between maternal seropositivity of
anti-T. gondii antibodies and spontaneous abortion. The high percentage of miscarriages can
be explained by the fact that when primary infection in pregnant woman or reactivation in
immunocompromised pregnant women occurs, tachyzoites can colonize the placenta tissues

during the dissemination process and from there obtain access to the fetus (Pappas et al.,
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2009; Robert-Gangneux & Darde, 2012). In early pregnancy, transplacental passage of
tachyzoites is a rare event, but the consequences are serious and one of them is miscarriage.
The immunological control of placental infection is probably a key event in the occurrence of
congenital infection and miscarriages (Pfaff et al., 2007), but advances in understanding the
pathophysiological process still need to be achieved (Robert-Gangneux & Dardé, 2012).
Unfortunately, we do not have fetus material or placenta from those cases of spontaneous
abortion to confirm the presence of T. gondii. In the future, the implementation of the
diagnosis of maternal primary infection as well the appropriate diagnosis of congenital
toxoplasmosis will be crucial.

Angola is among the countries of the Southern Africa region with the lowest HIV
prevalence rate, estimated at 2.35% in the adult population aged between 15-49, with 2.6% in
women and 1.3% in pregnant women aged 15-49 (MINSA, 2012; MINSA, 2015). HIV
transmission in Angola is predominantly heterosexual, in 79.2% of reported cases, and the
vertical transmission accounts for about 6% and blood transfusion for 0.5% (via transfusion
and use of contaminated objects).

In the present study, the seroprevalence of T. gondii in HIV-positive pregnant women
was higher than those who tested HIV-negative, with the difference being statistically
significant. Similar results were reported in Ghana (Ayi et al., 2016) and in Lusaka, Zambia
(Frimpong et al., 2017), where the prevalence of T. gondii infection among pregnant HIV-
positive women was also high. In contrast, however, a study carried out in northern Nigeria
(Ogoina et al., 2013) found that the relationship between these two groups was not
statistically significant.

The severity and clinical significance of human toxoplasmosis varies with the host’s
immune status (Ayi et al., 2016). Therefore, HIV-infected patients may be at higher risk of
developing toxoplasmosis disease, especially when the TCD4+ cell count falls below 100
cells/L of blood (Laboudi, 2017). Toxoplasmosis is the most common opportunistic infection
in HIV-seropositive immunocompromised hosts, where it predominantly occurs as a
reactivation of endogenous infection (Ayi et al., 2016).

A higher prevalence of T. gondii infection was also observed among hepatitis B
seropositive pregnant women than in seronegative women, and the statistical analysis showed
that Hepatitis B-positive women are at high risk to have toxoplasmosis. It was reported that
hepatitis B infection in pregnant women also leads to increased risk of chronicity of cirrhosis
and / or hepatocellular carcinoma (Xiao et al., 2007). Because of the prevalence of infection

among the population, it is extremely important to perform serological screening in the

84



prenatal period in order to initiate early treatment, or even avoid vertical transmission (Piazza
et al., 2010). To have HIV and/or hepatitis B can lead to a reactivation of toxoplasmosis and,
in some cases, trigger the most serious clinical manifestations of these diseases (Xiao et al.,
2007).

It is believed that cats are the main carriers and transmitters of T. gondii infection to
humans (Weiss & Kim, 2013). Several studies have observed high IgG seropositivity related
to the presence of cats (de Wit et al., 2019; Jiang et al., 2018). In the present study, the
seroprevalence of T. gondii among pregnant women who had cats was higher than in pregnant
women who did not have cats. However, in our study no significant association was found
between the presences of cats in the household and T. gondii seropositivity. Similar results
were shown by studies conducted in Burkina Faso (Bamba et al., 2017), the UK (Nash et al.,
2005), Brazil (Cademartori et al., 2008), Turkey (Ghoneim et al., 2009) and Nigeria (Ishaku et
al., 2009). In contrast, surveys performed in the USA (Dubey & Jones, 2008), Ethiopia
(Abamecha et al., 2016; Agmas et al., 2015), and Taiwan (Lin et al., 2008) showed that
pregnant women in contact with infected cats will naturally be at greater risk of acquiring the
infection. It is important to mention that the risk of contracting T. gondii infection does not
result simply from contact with domestic cats only (Nissapatorn et al., 2011). Occasional
contact with cats or owning them may not necessarily be a risk factor, while frequent
exposure to feline stools (Dubey, 2000; Mwambe et al., 2013) and/or neglect of preventive
measures, i.e. not washing hands or wearing gloves, may increase the risk of infection to an
appreciable level (Cong et al., 2015). On the other hand, having cats as household pets in
Angola is not a common practice. However, street cats are usually seen, which can pose a
serious risk to toxoplasmosis since they may be responsible for much of the environmental
contamination with oocysts in the water or soil that may remain viable for years (Torrey &,
Yolken, 2013).

We found that having pets at home, not specifically the cat, is a potential risk factor
for T. gondii seropositivity in pregnant women. The logistic regression analysis showed that
contact with pets at home and/or in family member’s/friends’ homes is associated with T.
gondii—seropositive women. Cats can disseminate oocysts in the environment, while dogs can
act as mechanical vectors assisting in the transmission of infectious forms of T. gondii
(Avelino et al., 2004).

Basic sanitary conditions can contribute to the transmission of several infectious
diseases. In Angola, according to data from Census 2014, only 47% of households have

access to appropriate sources of drinking water: 46% using tankers and 28.9% using public
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water (INE, 2014; INE, 2015). There is a contrast in water supply levels between urban and
rural areas of the country. The urban population with access to drinking water is around 67%,
while the rural population is only 32%. Between provinces differences in access to adequate
drinking water are also seen. Moreover, about one third of households (32%) have some kind
of appropriate and unshared sanitation facility, with the proportion higher in urban areas
(46%) than in rural areas (11%). Although our data do not show an association between the
basic sanitation conditions (specifically source of drinking water) and T. gondii seropositivity,
we emphasized that most pregnant women were from urban areas with better sanitary
conditions.

The distribution of T. gondii seropositive pregnant women varied among the
municipalities that comprise Luanda province, with the highest number of cases in
municipalities with a larger population: Luanda, Viana, Belas, Cazenga and Cacuaco. The
location of the LPMH is determinant, given its location in the center of Luanda and its easy
access from the other municipalities, reasons for the population to commonly resort to the
referred maternity hospital. However, the seroprevalence and the risk to acquire
toxoplasmosis in the municipality of Belas was lower when compared to the other
municipalities.

Previous studies have shown that living in rural or suburban regions with soil
exposure is a risk factor for toxoplasmosis in pregnant women (Cong et al., 2015; Fromont et
al., 2009). Our results point that the prevalence of T. gondii among pregnant women is higher
in the group in frequent contact with the soil; however, no statistically significant association
was observed between T. gondii seropositivity and activities and practices that promote
contact with soil (gardening). This result may have been influenced by the fact that most of
the pregnant women live in urban area and do not have contact with soil.

One of the risk factors often associated with acute toxoplasmosis in pregnant women
is eating raw or undercooked meat (Al-Harthi et al., 2006). Our results showed that T. gondii
seropositivity in pregnant women was not associated with the consumption of raw /
undercooked meat or the consumption of raw vegetables and fruits. These findings are in
agreement with the study carried out in China (Cong et al., 2015) and Ethiopia (Abamecha &
Awel, 2016) but in contrast with other reported studies (Andiappan et al., 2014; Belluco et al.,
2016; Ferreira et al., 2018; Gebremedhin et al., 2013). These differences may be due to
frequency of consumption, type of consumed meat and prevalence of the parasite in the
animals (Cook et al., 2000; Weiss & Dubey, 2009). Despite our data, T. gondii infection in

animals (i.e. pigs, cattle, sheep, chickens, and goats) in the province of Luanda may contribute
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to toxoplasmosis transmission. Large-scale studies should be performed to estimate the
association between this potential risk factor for T. gondii infection in Angola, including
toxoplasmaosis surveys in animals and the water supply.

The study of toxoplasmosis is important in the planning of educational programs
aimed at reducing the incidence of toxoplasmosis during pregnancy (Avelar et al., 2018). The
best measures to prevent toxoplasmosis are those directed at primary prevention, basically
characterized by public health and education programs recommended through campaigns,
lectures, pamphlets and the guidance provided by health teams informing pregnant women to
avoid contact with animals, potentially harmful contaminated materials, and avoid the
consumption of raw or undercooked meat. The use of gloves when handling the soil is also
emphasized. A reduction of 63% in the first gestational infection can be obtained following
these recommendations during pregnancy (Varella et al., 2009). Unfortunately, routine
screening for T. gondii infection during pregnancy is not performed for most Angolan women,
as the test is not mandatory in prenatal care and the associated costs are high cost. In addition,
poor access to higher education and the lack of promotion of public health in general explain
how a very high percentage of the population lacks knowledge of toxoplasmosis as seen in the

present study.

3.6. Conclusions

There is a significant number of pregnant women in Luanda who are not immunized
for toxoplasmosis and thus at risk of acquiring the primary infection during pregnancy and
consequently infecting the fetus (congenital toxoplasmosis). Gestational age, the presence of
pets at home, HIV-seropositivity and hepatitis B-seropositivity were identified as risk factors
for T. gondii infection. However, contact with cats and sand/soil, the type of food consumed
and the conditions under which food consumption occurs were not statistically significant and
may play a secondary role in these particular female populations.

Therefore, it is crucial to include education on toxoplasmosis prevention in prenatal
counseling, to enable the diagnosis of maternal primary infection as well the appropriate
diagnosis of congenital toxoplasmosis. Our results also underscore the need for diagnostic and
clinical follow-up of other infectious diseases, including HIV and hepatitis B during
pregnancy. More studies should be performed to identify the risk factors for toxoplasmosis in

Angola, including T. gondii surveys carried out in other groups, in animals and the water

supply.
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CHAPTER 4

Seroepidemiology study of Cytomegalovirus and Rubella in
Pregnant Women in Luanda, Angola: Geospatial distribution and
its association with socio-demographic and clinical-obstetric

determinants

This chapter correspond to the article:

Ameélia N Vueba, Clarissa Faria, Ricardo Almendra, Paula Santana and Maria C Sousa (2020),
“Seroepidemiology study of Cytomegalovirus and Rubella in Pregnant Women in Luanda,
Angola: Geospatial distribution and its association with socio-demographic and clinical-

obstetric determinants”, submitted to: BMC Infectious Diseases
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4.1. Abstract

The main objective was to study the seroprevalence of anti-CMV and anti-Rubella
antibodies in pregnant women of Luanda (Angola), identify the primary maternal infection during
gestation and to evaluate the socio-demographic risk factors associated with CMV and Rubella
virus infections. A prospective cross-sectional study was conducted from August 2016 to May
2017. Blood samples were collected and specific anti-CMV and anti-Rubella antibodies (IgG and
IgM) were quantified by electrochemiluminescence (COBAS e411). Demographic and clinical
data were collected by standardized questionnaire. Bivariate and multivariate logistic regression
analysis was used to quantify the effect of clinical and obstetric risk factors on virus
seroprevalence. The level of statistical significance was set as p<0.05, and Odds Ratio (OR) and
95% Confidence Intervals (95% CI) were computed.

The 396 pregnant women participated in the study aged from 15 to 47. Of the participants,
382 (96.5%) had anti-CMV 1gG antibodies, 8 (2.0%) had anti-CMV 1gG and IgM antibodies and
6 (1.5%) were seronegative. For Rubella virus, 347 (87.6%) were positive for anti-1gG, 4 (1.0%)
positive for anti-lgG and IgM, and 45 (11.4%) were seronegative. The mean age of CMV
positivity was 28.4 (SD % 6.2) and for Rubella virus was 28.6 (SD + 6.1). The multivariate logistic
regression analysis has shown a significant association between Rubella virus infection and
pregnant women without child (OR 2.673; CI: 1.026 - 7.007) and suffering spontaneous abortion
(OR 3.232; CI: 1.192 - 7.952). In contrast, the level of schooling, residence, occupation, marital
status, number of children in the household, basic sanitation, gestational age, history of
miscarriages and hepatitis B were not significantly associated with the Rubella virus infection.

Overall, this study showed that there is a high seroprevalence of anti- CMV and anti-
Rubella antibodies in pregnant women in Luanda. Therefore, it is important a rapid and accurate
diagnosis of CMV and Rubella infection in pregnant women to prevent congenital infections.
Rubella vaccination should be offered to women non-immune to Rubella. Overall, it would be
important to implement national screening for CMV, Rubella and other diseases linked to

maternal and child health.
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4.2. Introduction

Several infections caused by microorganisms can be transmitted to the fetus during
pregnancy, causing fetal death or sequelae to the newborn: Toxoplasmosis, Other (syphilis,
varicella-zoster, parvovirus B19), Rubella, CMV and Herpes infections as known by TORCH
infections (Numan et al., 2015). The agents of the TORCH infections, lead to the
development of a maternal infection and can pass in the uterine circulation at any gestational
age (Numan et al., 2015). On the other hand, the infection can lead to spontaneous abortions,
sterility, congenital malformations and intrauterine fetal loss. Prenatal surveillance is
important for the prevention of vertical transmission. The Angolan National Health
Development Plan (2012-2025) does not include the control of diseases such as Rubella and
CMV. The absence of early diagnosis and the consequent lack of treatment of maternal
infections can considerably increase the rates of perinatal morbidity and mortality.

CMV or Herpesvirus 5 is a member of the Herpesviridae family, being the largest
virus (Tavares et al., 2011). Man is the only reservoir for CMV and the virus transmission
occurs after direct or indirect contact with saliva, oropharyngeal secretions, endocervical
secretions, urine, sperm, breast milk, tears, blood products or organs, and by vertical
transmission (Schottstedt et al., 2010). However, CMV infection is less contagious than that
of other members of the same family of Varicella Zoster Virus (VZV) (Tavares et al., 2011).
The main infected cells are the endothelial cells and the leukocytes, and then the
hematogenous propagation is carried out in the organism. Like the other members of the
Herpesviridae family, CMV arrest in body (latent phase) after a primary infection. The
acquired immunity is not completely protective and secondary infections may occur during
the latent phase (Benoist et al., 2008). The pregnant women are contaminated by patients who
excrete large numbers of viruses, including children, immunosuppressed patients and
transplanted patients. Vertical transmission is transplacental hematogenous and occurs during
maternal viraemia. The transmission rate varies with the type of maternal infection: between
30 and 50% on primary infections and 0.1 and 3% on secondary infections (re-infections or
reactivations of a latent infection) (Benoist et al., 2008; Tavares et al., 2011). The gestational
age may also play an important role in the vertical transmission rate, increasing with
gestational age: 36% in the first trimester, 44% in the second and 77.6% in the last trimester.
However, the consequences of CMV infection are more severe when maternal infection

occurs before 20 weeks (Benoist et al., 2008; Tavares et al., 2011).
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Also, CMV is considered a common opportunistic infection among individuals
infected with the HIV, a major source of serious viral complications among organ transplant
recipients and a major cause of hearing loss, vision loss and mental retardation in children
with congenital infection (Gumbo et al., 2014).

Rubella is caused by a virus of the Togaviridae family and genus Rubivirus. The most
common form of virus transmission is through direct contact with respiratory secretions
droplets of infected persons (Griffin et al., 2013). It is a benign disease characterized by a
macular rash accompanied by low fever, joint pain, pharyngitis and cervical adenopathies
(Griffin et al., 2013), however, it becomes severe to fetus when it occurs during pregnancy
(Banatvala and Brown, 2004).

The teratogenic properties of the rubella virus were first discovered in Australia in
1941 by Gregg who associated the occurrence of rubella during pregnancy with the presence
of congenital cataracts (Gregg, 1941). Maternal infection with the rubella virus during the first
trimester is often associated with fetal death, miscarriage or adverse neonatal outcome,
including heart problems, cataracts and deafness, known as CRS, which has a higher neonatal
morbidity (Ojala et al., 1973). This severity of fetal infection is related to the period of
organogenesis, due to the high virus tropism for fetal tissues (Best, 2007). Some defects were
later reported as consequence of maternal infections in the second trimester (Ojala et al.,
1973). In order to avoid vertical transmission, seronegative women should be detected during
the preconception period and their pregnancies be planned after immunization (Bouthry et al.,
2014).

In Angola, there are no reports of CMV and Rubella studies. Therefore, the main
objective of this work was to study the seroprevalence of anti-CMV and anti-Rubella
antibodies in pregnant women attending at LPMH of Luanda and to provide a detailed
analysis of the geographical distribution. In addition, we aimed to identify the maternal

infection and to evaluate the risk factors associated with CMV and Rubella infection.

4.3. Materials and methods

4.3.1. Ethical Considerations

The present study has been approved by the Research Ethics Committee of LPMH
through the National Institute of Public Health of the Republic of Angola (n° 301019; S1 File).
Participant individuals provided a written signed informed consent prior to sample collection
and for participants younger than 18 years, informed consent was provided by parents or

guardians after a detailed explanation of the objectives of the work.
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4.3.2. Study Population

The study population was constituted by pregnant women monitored for routine
prenatal assessment at LPMH, a reference maternity in Angola, located in Luanda. The
referred maternity is a tertiary-level public health institution specialized in maternal and child
health care, teaching and research. The health institution offers outpatient and inpatient
services, has 400 beds for hospitalization video laparoscopy, hysteroscopy, milk bank,
pathological anatomy, assisted reproductive services, genetics and mammography.
Consequently, the women attended in the LPMH come from all over the country, however
mainly from Luanda, the capital of Angola. The study included women aged from 15 to 47
years, who had a pregnancy proven by ultrasonography and laboratory tests. For the obstetric
follow-up we counted on the collaboration of the medical and nursing team of the department
of obstetrics of the LPMH.

4.3.3. Sociodemographic, clinical and housing characteristics of the pregnant
women

Standardized questionnaires in face-to-face interviews were used to obtain the socio-
demographic, clinical, and housing characteristics from the pregnant women (S2 File). Socio-
demographic items included age, residence, occupation, schooling level, and socio-economic
status. Clinical characteristics included gestation age, number of pregnancies, history of
abortion, the frequency of miscarriages, child born premature, number of children with
disabilities and with mental retardation, presence any underlying disease, long-term fever,
history of hepatitis B and HIV. The housing characteristics like type of flooring, destination
of faeces, the number of children in the household and crowding were also inclued. The
questionnaire was written in Portuguese, the official language in the Republic of Angola,

developed and revised accordingly.

4.3.4. Blood Sample Collection and Laboratory Procedures

A cross-sectional study was conducted from August 2016 to May 2017 and a total of
396 pregnant women were included in the survey. Blood samples were collected and serum
samples were obtained after centrifugation. These samples were immediately transferred
(properly packaged in dry ice) to the Clinical Pathology Service of Clinica Sagrada Esperanca
(Luanda) and kept at -80°C until serological analysis. The quantification of anti-CMV and

anti-Rubella IgG and IgM antibodies was done by ECL using commercially available kits for
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COBAS e411 (Roche, Sistemas de Diagndsticos Lda), according to the guidelines of the
manufacturer.

The anti-CMV 1gG and IgM levels were expressed as IU/mL and COI (Cut-off index),
respectively: values <0.5 IU/mL of anti-CMV IgG antibody are considered negative and
values >1.0 IU/mL are considered positive; values <0.7 COI of anti-CMV IgM antibody are
considered negative and values >1.0 are considered positive.

The anti-Rubella IgG and IgM levels were expressed as IU/mL and COI, respectively:
values <10.0 IU / mL of anti-Rubella IgG antibody are considered negative and values >10.0
IU / mL are considered positive; values <0,8 COI of anti- Rubella IgM antibody are

considered negative and values >1.0 are considered positive.

4.3.5. Geospatial analysis

The address of pregnant women was collected during the interview allowing the
identification of the residence place. This information was converted into geographic
coordinates (latitude and longitude) through the www.google.pt/maps/. The spatial
distribution of pregnant women was assessed through a Kernel Density Function that allowed

the estimation of the intensity of events across a surface.

4.3.6. Stastical Analysis

The data entry was carried out using Excel software and analysed using SPSS version
20. The exploratory analysis of the categorical variables and quantitative variables are
presented as percentages (mean + SD). Bivariate and multivariate logistic regression was
developed to assess the effect of different risk factors on rubella virus seroprevalence. The
level of statistical significance was set as p<0.05, and Odds Ratio (OR) and 95% Confidence

Intervals (95% CI) were computed.

4.4. Results

Between August 2016 and May 2017, a total of 396 pregnant women were tested for
anti-CMV and anti-Rubella antibodies. The distribution of IgG and/or IgM antibodies to
CMV and rubella of seropositive and seronegative pregnant women is summarized in Table 9.
The majority of women had previous exposure to the CMV virus: 382 (96.5%) were positive
for anti-CMV 1gG; 8 (2.0%) were positive for anti-CMV IgM and IgG; and 6 (1.5%) were
seronegative for anti-CMV antibodies. For Rubella virus, 347 (87.6%) were positive for anti-
Rubella 1gG, 4 (1.0%) were positive for anti- Rubella IgM and IgG and 45 (11.4%) were
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seronegative (Table 9). Although the majority of women are immune to rubella virus, a

significant number are susceptible to the primary infection.

Table 9: Profile of IgG and IgM antibodies anti-CMV and anti-Rubella virus on pregnant

women from Luanda (Angola).

Immune response  Number  Percentage (%) Interpretation

Anti-CMV

1gG(+) IgM (-) 382 96.5 Previous Exposure

1gG(+) IgM (+) 8 2.0 Active (Primary/Latent) infection
19G(-) IgM (-) 6 1.6 Susceptible to primary infection
1gG(-) IgM (+) 0- 0- Recent primary infection

Total positive 390 98.5 Overall prevalence

Total negative 6 1.5 Overall prevalence

Anti-Rubella

1gG(+) IgM (-) 347 87.6 Immune

IgG(+) IgM (+) 4 1.0 Active (Primary/Latent) infection
19G(-) IgM (-) 45 114 Susceptible to primary infection
1gG(-) IgM (+) 0 0 Recent primary infection

Total positive 351 88.6 Overall prevalence

Total negative 45 114 Overall prevalence

The characteristics of the individual pregnant women and details on home conditions
and food habits were collected using a structured questionnaire (S5 File). The ages of the
pregnant women ranged from 15 to 47 years with an average of 28.4+6.2 (MeantSD);
pregnant women between 26 and 35 years were the majority of participants (n = 207) (Table
10). Regarding education level, 3 (0.8%) are illiterate, 149 (37.6) have basic education, 200
(50.5%) have a high school education and 44 (11.1%) have higher education. In relation to
residence, 180 (45.5%) live in the municipality of Luanda, 87 (22.0%) in the municipality of
Belas, 86 (21.7%) in the municipality of Viana, 29 (7.3%) in the municipality of Cazenga and
14 (3.5%) in the municipality of Cacuaco. Regarding occupancy,150 (37.9%) women work on
public administration services, 64 (16.2%) are students, 63 (15.9%) are domestic, 49 (12,4%)
are street vendors, 39 (9.8%) are store employees and 31 (7.8%) work in the catering area.
The majority of pregnant women (270; 68.2%), are single and 126 (31.8%) are married. The
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mean of gestational age was 14.5+ 6.8 (Mean+SD) weeks and 63.9% of the pregnant women
had more than one child (with mean birth rate of 1.8+£0.7 (Mean+SD).

More than half of the participants (64.4%) reported having basic sanitation at home
and 141 (35.6%) did not have (Table 10). Most of the pregnant women, 355 (89.6%) reported
lack of knowledge of the virus diseases under study, 36 (9.1%) had hear of CMV and Rubella
but they do not know anything about it and 5 (1.3%) pregnant women reported knowing

something about the diseases under study.
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Table 10: Sociodemographic characteristics of seropositive and seronegative pregnant women to CMV and Rubella virus and respective

prevalences.

CMV Rubella

e Positive | Seroprevalence | Negative | Seroprevalence Positive | Seroprevalence Negative Seroprevalence
Characteristics n (%) p(%) ng(%) p(%) n (%) p(%) ng(%) p(%) Total
Age group (years)
<19 23 (5.9) 100.0 0(00.0) 0(00.0) 18 (5.1) 78.3 5(11.1) 21.7 23 (5.8)
20-25 110 (28.2) 99.1 1(16.7) 0.9 97 (27.6) 87.4 14 (31.1) 12.6 111(28.0)
26-35 202 (51.8) 97.6 5(83.3) 24 185 (52.7) 89.4 22 (48.9) 10.6 207(52.3)
36-47 55 (14.1) 100.0 0 (00.0) 0 (00.0) 51 (14.6) 92.7 4 (8.9) 7.3 55 (13.9)
Education
Iliterate 3(0.8) 100.0 0 (00.0) 3(0.9) 100.0 0 (00.0) 0 (00.0) 3(0.8)
Elementary School 148 (37.9) 99.3 1 (16.6) 0.7 136 (38.7) 91.3 13 (28.9) 8.7 149 (37.6)
High school 196 (50.3) 98.0 4 (66.7) 2.0 172 (49.0) 86.0 28 (62.2) 14.0 200 (50.5)
Higher education 43 (11.0) 97.3 1(16.7) 2.7 40 (11.4) 90.9 4 (8.9) 9.1 44 (11.1)
Residence
Belas 85 (21.8) 97.7 2(33.3) 2.3 76 (21.7) 87.4 11 (24.2) 12.6 87 (22.0)
Cacuaco 13(3.3) 92.9 1(16.7) 7.1 13 (3.7) 92.9 1(2.2) 7.1 14 (3.5)
Viana 85 (21.8) 98.8 1(16.7) 1.2 76 (21.7) 88.4 10 (22.2) 11.6 86 (21.7)
Cazenga 29 (7.5) 100.0 0 (00.0) 0.0 25 (7.1) 86.2 4(9.0) 13.8 29 (7.3)
Launda 178 (45.6) 98.9 2 (33.3) 1.1 161 (45.8) 89.4 19 (42.2) 10.6 180 (45.5)
Occupation
Homemakers 62 (15.9) 98.4 1(16.7) 1.6 57 (16.2) 90.5 6 (13.3) 9.5 63 (15.9)
Public function 147 (37.7) 98.0 3(50.0) 2.0 131 (37.3) 87.3 19 (42.2) 12.7 150 (37.9)
Student 62 (15.9) 96.9 2 (33.3) 3.1 56 (16.0) 87.5 8 (17.8) 12.5 64 (16.2)
Restoration 31 (7.9) 100.0 0 (00.0) 0 (00.0) 26 (7.4) 83.9 5(11.1) 16.1 31 (7.8)
Street vendor 49 (12.6) 100.0 0 (00.0) 0 (00.0) 45 (12.8) 91.8 4(8.9) 8.2 49 (12.4)
shop assistants 39 (10.0) 100.0 0 (00.0) 0 (00.0) 36 (10.3) 92.3 3(6.7) 7.7 39 (9.8)
Marital status
Married 126 (32.3) 100.0 0 (00.0) 0 (00.0) 110 (31.3) 87.3 16 (35.6) 12.7 126 (31.8)
Single 264 (67.7) 97.8 6 (100.0) 2.2 241 (68.7) 89.3 29 (64.4) 10.7 270 (68.2)
Gestational age
1st Trimester 199 (51.0) 98.5 3(50.0) 1.5 181 (51.6) 89.6 21 (46.7) 10.4 202 (51.0)
2nd Trimester 152 (39.0) 98.1 3(50.0) 1.9 135 (38.4) 87.1 20 (44.4) 12.9 155 (39.1)
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3rd Trimester 39 (10.0) 100.0 0 (00.0) 0 (00.0) 35 (10.0) 89.7 4 (8.9) 10.3 39 (9.9)
Number of births

0 84 (21.5) 97.7 2(33.3) 2.3 71 (20.2) 82.6 15 (33.3) 17.4 86 (21.7)
1 118 (30.3) 99.2 1(16.7) 0.8 103 (29.3) 86.6 16 (35.5) 13.4 119 (30.0)
2 66 (16.9) 97.1 2(33.3) 29 61 (17.4) 89.7 7 (15.6) 10.3 68 (17.2)
>3 122 (31.3) 99.2 1(16.7) 0.8 116 (33.1) 94.3 7 (15.6) 5.7 123 (31.1)
Spontaneous abortion

Yes 27 (6.9) 100.0 0 (00.0) 0 (00.0) 20 (5.7) 74.1 7 (15.6) 25.9 27 (6.8)
No 363 (93.1) 98.4 6 (100.0) 1.6 331 (94.3) 89.7 38 (84.4) 10.3 369 (93.2)
History of abortion

No 219 (56.2) 98.2 4 (66.7) 1.8 190 (54.1) 73.2 33(73.3) 26.8 223 (56.3)
Yes 171 (43.8) 98.8 2(33.3) 1.2 161 (45.9) 93.1 12 (26.7) 6.9 173 (43.7)
children at home

Yes 386 (99.0) 98.5 6 (100) 15 348 (99.1) 88.8 44 (97.8) 11.2 392 (99.0)
No 4 (1.0) 100.0 0 (00.0) 0 (00.0) 3(0.9) 75.0 1(2.2) 25.0 4(1.0)
Number of children in

the household

0 4 (1.0) 100.0 0 (00.0) 0 (00.0) 3(0.9) 75.0 1(2.2) 25.0 4 (1.0)

1 137 (35.1) 98.6 2(33.3) 1.4 118 (33.6) 84.9 21 (46.7) 15.1 139 (35.1)
2 152 (39.0) 98.1 3(50.0) 1.9 141 (40.2) 91.0 14 (31.1) 9.0 155 (39.1)
>3 97 (24.9) 99.0 1(16.7) 1.0 89 (25.3) 90.8 9 (20.0) 9.2 98 (24.8)
Hepatitis B infection

No 265 (67.9) 98.5 4 (66.7) 15 237 (67.5) 88.1 32 (71.1) 11.9 269 (67.9)
Yes 125 (32.1) 98.4 2(33.3) 1.6 114 (32.5) 89.8 13 (28.9) 10.2 127 (32.1)
HIV status

No 332 (85.1) 98.5 5(83.3) 15 294 (83.8) 87.2 43 (95.6) 12.8 337 (85.1)
Yes 58 (14.9) 98.3 1(16.7) 1.7 57 (16.2) 96.6 2(4.4) 3.4 59 (14.9)
Awareness of CMV

and Rubella

Does not know

anything about the | 351 (90.0) 98.9 4 (66.7) 1.1 314 (89.5) 88.5 41 (91.1) 115 355 (89.6)
disease

Heard speak, but do | 5/ gy 94.4 2 (33.3) 5.6 33 (9.4) 91.7 3(6.7) 8.3 36 (9.1)

not know anything
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about it

Know anything about

the disease 5(1.3) 100.0 0 (00.0) 0 (00.0) 4 (1.1) 80.0 1(2.2) 20.0 5(1.3)
Pre-natal consultation

was performed in all

pregnancies

Yes 381 (97.7) 98.4 6 (100.0) 1.6 342 (97.4) 88.4 45 (100.0) 116 387 (97.7)
No 9(2.3) 100 0 (00.0) 0 (00.0) 9 (2.6) 100.0 0 (00.0) 0 (00.0) 9(2.3)
Access to basic

sanitation

Yes 251 (64.4) 98.4 4 (66.7) 1.6 224 (63.8) 87.8 31 (68.9) 12.2 255 (64.4)
No 139 (35.6) 98.6 2 (33.3) 14 127 (36.2) 90.1 14 (31.1) 9.9 141 (35.6)
Total 390 6 351 45 396
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The frequency of CMV infection was higher among pregnant women in the first
trimester (199; 51.0%), followed by pregnant women in the second (152; 39.0%) and in the
third trimester (39; 10.0%). The frequency of CMV infection in relation to the pregnant
women age was 5.9% (n=23) in the group of < 19 years, 28.2% (n=110) in the group of 20-25
years, 51.2% (n=202) in the group of 26-35, and 14.1% (n=55) in the group of 36-47 years
(Table 10). The mean age of CMV positivity was 28.0£7.1 (Mean+SD). Regarding the
obstetric history, the frequency of CMV infection was similar in pregnant women regardless
of the month of gestation and parity (number of births or miscarriages). Among the pregnant
women, 173 (43.7%) had a history of abortion and 223 (56.3 %) never had a miscarriage and
there was no child death in the postpartum period (Table 10).

The frequency for Rubella virus was also higher among pregnant women in the first
trimester (181; 51.6%) followed by pregnant women in the second trimester (135; 38.4%) and
in the third trimester (35; 10.0%) (Table 10). The frequence of infection in relation to the age
of pregnant women was 5.1% (n=18) in the group of < 19 years, 27.6% (n=97) in the group of
20-25 years, 52.7% (n=185) in the group of 26-35 years and 14.6% (n=51) in the group of 36-
47 years (Table 10). The mean age of rubella virus positivity was 28.6+6.2 (Mean+SD).

We also study the frequence of hepatitis B and Human Immunodeficiency Virus (HIV)
in pregnant women and their association with Rubella and CMV virus infections. (Table 10).
In relation to Hepatitis B, 269 pregnant women (67.9%) presented a negative result and 127
(32.1%) a positive result, of which 125 (98.4%) had a positive result to CMV infection (122
with previous exposure and 3 an active primary infection), and 2 (1.6%) presented
susceptibility to primary CMV infection (Table 10). Also of the 127 pregnant women positive
for hepatitis B, 114 (89.8%) presented a positive result to Rubella virus (112 had prior
exposure to the virus and 2 presented active primary infection), and 13 (28.9 %) were
susceptible to primary infection. In relation to HIV, 337 (85.1%) pregnant women had
negative serology, and 59 (14.9%) had positive results, of which 58 (98.3%) with previous
exposure to CMV, and 1 (6.7 %) with susceptibility to CMV infection (Table 10). On the
other hand, of the 59 pregnant women with HIV positive serology, 57 (96.6%) had a positive
result to rubella virus (56 with previous exposure to the virus and 1 with active virus
infection), and 2 (4.4%) with susceptibility to the infection.

The seroprevalence of Rubella infection in Angolan pregnant women according to
independent categorical variables evaluated in this study are summarized in Table 11. In the
bivariate logistic regression analysis, the variables of number of births (OR 2.478; CI. 1.144 -
5.374), history of miscarriages (OR 2.062; Cl: 1.069 - 4.194), and spontaneous abortions
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occurred during the study (OR 3.048; CI: 1.135 - 7.394), were considered an independent
predictor of 1gG seropositivity against rubella among pregnant women (Table 11). Other

analyzed factors such as maternal age, gestacional age, residence, occupation, educational

status, awareness of Rubella, access to basic sanitation, hepatitis B, were not associated with

seropositivity on surveyed population.

The multivariate logistic regression analysis (adjusted to age) confirm a significant
increased risk for rubella in women without children (OR 2.673; CI: 1.026 - 7.007) and
suffering spontaneous abortion (OR 3.232; CI: 1.192 - 7.952).

Table 11: Binomial logistic regression models for the final analysis of risk factors associate

for seropositivity of IgG anti-rubella antibodies in 396 pregnant women in Luanda province,

Angola.

Variable OR (95%Cl) | p-value OR (95%Cl) | p-value
Unadjusted Adjusted by age

Age

<25 years old (ref)

25 — 29 years old 0.962 (0.439-2.059) | 0.923

>30 years old 0.609 (0.286 - 1.272) | 0.190

Schooling

Low (up to elementary school) 0.619 (0.304 - 1.196) 0.167 | 0.615 (0.300 - 1.197) 0.166

High (high school or higher education)

(ref)

Employment

Public administration service 1.510 (0.704 - 3.395) 0.299 | 1.761(0.792 - 4.121) 0.175

Homemakers 1.033 (0.340 - 2.863) 0.951 | 1.102(0.361 - 3.079) 0.856

Student 1.402 (0.516 - 3.664) 0.492 | 1.064 (0.368 - 3.001) 0.905

Street vendor, saleslady and restaurant

waitress (ref)

Marital status

Single (ref)

Married 1.347 (0.696 - 2.543) 0.363 | 1.390 (0.715 - 2.639) 0.319

Gestational age

1st trimester (ref)

2nd and 3rdtrimestre 1.346 (0.722 - 2.536) 0.351 | 1.377(0.737 - 2.604) 0.317

Number of births

0 2.478 (1.144 - 5.374) | 0.0203* | 2.673 (1.026 - 7.007) | 0.0439*

1 1.692 (0.789 - 3.627) | 0.1724 | 1.694 (0.748 - 3.825) | 0.2020
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2 or 3 (ref)

children at home

Oorl

1.818 (0.969 - 3.404)

0.0606

1.689 (0.840 - 3.394)

0.139

2 or more (ref)

Spontaneous abortions

Yes

3.048 (1.135 - 7.394)

0.018*

3.232 (1.192 - 7.952)

0.0139*

No (ref)

History of miscarriages

Yes (ref)

No

2.062 (1.069 - 4.194)

0.0364*

2.048 (0.957 - 4.508)

0.0676

Hepatitis B

Positive

0.844 (0.413 - 1.636)

0.627

0.839 (0.410 - 1.629)

0.617

Negative (ref)

Access to basic sanitation

Yes (ref)

No

0.892 (0.452 - 1.697)

0.735

0.867 (0.437 - 1.653)

0.672

OR: Odds Ratio, CI: Confidence Interval * Statistically significant (p<0.05)

The geospatial distribution of pregnant women seropositive for CMV and Rubella

antibodies in Luanda can be observed in Figure 7. Based on participants’ place of residence

we observed a marked geographical pattern, with a high incidence density near Lucrécia Paim

Maternity. The geographical distribution of pregnant women with and without antibodies to

CMV and Rubella was similar, and we observed a statistically significant spatial dependency.
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Figure 7: Geographical distribution and Gaussian kernel density surface map of pregnant women (A)
with anti-CMV antibodies (B), non-immune to Rubella virus (C) and immune to Rubella virus (D) in
Luanda, Angola.

4.5. Discussion

The present study was performed to investigate the seroprevalence of CMV and
rubella infection in pregnant women in the northern Angola city of Luanda. We found an
overall seroprevalence rate for CMV infection of 98.5% and for Rubella infection about
88.6%. This is the first study conducted in Angola to evaluate the rates of CMV and Rubella
infection in pregnant women. In a general way, there is a lack of knowledge about the
epidemiology of CMV and Rubella infection in Angola. In this context, we cannot compare
our seroprevalence results with others in pregnant women in Angola.

CMV infection is endemic in almost all the world, occurring throughout the year
without seasonal variations. The rates of seropositivity in the population vary greatly
according to geographical, ethnic and socioeconomic factors. The prevalence of CMV-
specific antibodies increases with age and in the less favored socioeconomic groups of
developed and developing countries (Cannon et al., 2010; Wujcicka et al., 2014). Other
known contributing factors for CMV infection including education, sexual promiscuity, and
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blood transfusion (Foxworth et al., 2014; Ziemann & Hennig, 2014). Also the contact with
children is considered a risk factor, once the young children stands out as sources of CMV
infection in pregnant women (Ephraim et al., 2013).

Our results of the seroprevalence of CMV antibodies in pregnant women were similar
to previous studies in other African countries: 92% in Nigeria (Ephraim et al., 2013), 97.5%
in Sudan (Khairi et al., 2013), 96.3% in Tunisia (Hannachi et al., 2011), 87% in Gambia
(Bello et al., 1991), 88.5% in Ethiopia (Yeshwondm et al., 2016), and 86% in Kenya (Nisbet
et al., 2018). Moreover, our data were also similar with results report in other world countries
with values between 92.6% and 100%: Iran (Erfanianahmadpoor et al., 2014), Palestine
(Neirukh et al., 2013), China (Zhang et al., 2014), Brazil (Yamamoto et al., 2013), Turkey
(Uysal et al., 2012), Nigeria (Akinbami et al., 2011) and Cuba (Festary et al., 2015). In
contrast, our prevalence was higher than that reported in developed countries: 42.3% in
Germany (Enders et al., 2012), 46.8% in France, 49% in the United Kingdom (Pembrey et al.
2013), 54% in Norway (Barlinn et al., 2018), 56.3% in Finland (Alanen et al., 2005), 58.7% in
France (Leruez-Ville et al., 2013), 65.9% in Italy (Picone et al., 2009), 66% in Japan (Ikuta et
al., 2013), 62.4% in Poland (Wujcicka et al., 2014) and 70.0% in the United States (Wang et
al., 2016).

In the present study, all women who were CMV-IgM positive were also seropositive
for IgG. In most of these cases there is a need to perform IgG avidity test as an alternative to
provide the status of acute infection (Lazzarotto et al., 2000; Seo et al., 2009). However, in
our study it was not possible define what proportion of these cases represented primary
infection or reactivation because we we didn't have acess to 1gG avidity test. In USA a recent
analysis of CMV IgM seroprevalence in women at reproductive age also found that 97.5 % of
IgM seropositive women were CMV IgG seropositive (Wang et al., 2016). Other study
performed in Pakistan, showed that 95.3 % of individuals who were IgM seropositive were
equally seropositive for 1gG (lbrahim et al., 2016). In countries with a high prevalence of
CMV infection, such as Korea and Turkey, 1gG avidity testing have shown that none of the
women with a proflile of IgM and IgG positive had evidence of a primary infection (Seo et al.,
2009; Uysal et al., 2012). As such, we could suggest that the great majority of seropositive
cases in our study represent viral recurrent reinfection or reactivation rather than primary
infection. The high 1gG seropositivity is alarming which calls for the need to screen these
women for potential active infections. Further studies on the impact of CMV on poor
pregnancy outcomes are highly recommended in the developing countries (Chibwe et al.,
2017).
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The profile of CMV-IgM negative/CMV-IgG positive in pregnant women (96.5%)
indicates that the great majority of infections probably occurred during childhood or
adolescence. Our results showed that all age groups are equally likely to be infected with
CMV, being the prevalence high at all ages (15-47 years old).

Several studies showed that low socioeconomic status was found to predict CMV 1gG
seropositivity (Wujcicka et al.,, 2014). The majority Angolan population is of low
socioeconomic level. Although we did not have data about the socioeconomic level (through
the material deprivation index; MDI) of the studied population, it should be pointed out that
this study was carried out in a public maternity hospital where the majority of the attendants
are women of low family income. Moreover, the majority of population in the city of Luanda
reside in highly populated squatters with close contacts which favors transmission of airborne
diseases. The womens participating in the present study resides in the urban area and there
were no differences in CMV prevalence in relation to a specific area of residence. The high
prevalence also could be explained by poor hygienic conditions that can to perpetuate the
cycle of CMV transmission in the developing countries (Chibwe et al., 2017). However, in the
present study we not found stastically association between basic sanitation and CMV
seropositivity.

In the present study, HIV infected women were more likely to be CMV IgG
seropositive than HIV negative women. WHO recommends that all the pregnant women
should be advice and tested for HIV at the first prenatal visit. There is a need to improve
prenatal services in our setting to ensure that all women are counseled and tested for HIV.
CMV is a virus that has a great potential to proliferate in humans for several reasons. The
infection is usually subclinical allowing that infected individuals remain active and thus
maintain the possibility of transmission to other susceptible individuals.

Moreover, the CMV is not eradicated from the host after the primary infection,
remaining in the body for the rest of its life (Cannon et al., 2010), and occasionally may be
reactivated (endogenous infection). In addition, the host although infected do not acquire
immunity and can undergo further infection by different strains of the virus (exogenous
reinfection) (Yamamoto et al., 2010). Another explanation for the easy spread of CMV is that
its excretion may persist for an extended period of time. For example, it is known that in the
case of congenital infections, viral excretion by children may occur for years, increasing the
likelihood of transmission to other individuals (CDC, 1985; Strauss & Strauss, 2008). On the
other hand, some studies have observed that closed environments with many children are sites

that facilitate the spread of the virus. In all these cases the transmission occurs mainly through
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contact with urine or saliva of infected children (Hantz & Alain, 2019). We analyzed the
influence of the contact of pregnat women with children through the number of births and
children at home. The women with children at home had a greater seroprevalence of CMV
infection than those without children at home.

An additional finding of our study was that the majority of pregnant women with IgG
and IgM positive were in the first trimester of gestation, the period of highest risk to the fetus
in case of virus transmission (Davis et al., 2017). It is reasonable to hypothesize that some
infections would have been avoided had these women been informed at an earlier stage of
pregnancy. Ideally, all women should be tested for CMV antibody and informed before
pregnancy. Indeed, in a population of women receiving fertility treatment, preconception
screening and counseling, seems to have a risk reduced to CMV infection in pregnancy
(Reichman et al., 2014). Moreover, preconception testing would also reduce problems arising
from the detection and interpretation of CMV-specific IgM antibody in pregnant woman
(Guerra et al., 2007; Revello & Gerna, 2002).

CMV stands out as the major cause of congenital infection, reaching rates between 0.2
and 2.6% of the total number of births worldwide, being responsible for cases of neonatal
mortality and morbidity (Korndewal et al., 2017). Fetal CMV infection occurs in
approximately 40% of cases of maternal primary infection (Carlson et al., 2010). Therefore, it
would be beneficial to inform pregnant women about the need for follow-up to detect prenatal
infection and to plan appropriate intervention such as the use of drugs to control infection and
/ or prevent fetus infection (Yeshwondm et al., 2016).

The epidemiological importance of Rubella virus is related to the CRS that affects the
fetus or the newborn due to the infection contracted by the mother during pregnancy. The
overall seroprevalence of rubella among pregnant women in the present study was 88.6%.
Similar results have been reported from other African countries such as Ethiopia (89%)
(Wondimeneh et al., 2018), Senegal (90.1%) (Dromigny et al., 2003), Namibia (85.0%)
(Jonas et al., 2016), Burkina Faso (95%) (Tahita et al., 2013) and Zimbabwe (92%) (Mamvura
et al., 2015). Also in other countries of the world the prevalence is high: 88.1% and 93.5% in
Turkey (Aksakal et al., 2007; Jahromi et al., 2011); and 87% in United States of America
(USA), 98% in Spain, and 96.3% Iran (Karabulut et al., 2011; Remington et al., 2011). In
contrast, the seroprevalence in this study is higher than reports from Democratic Republic of
Congo (58.97%) (Zanga et al., 2017), Sudan (65%) (Hamdan et al., 2011) and Nigeria (68%)
(Bamgboye et al., 2004). These variations might be due to the difference in the endemicity of

the virus, the sample size of the studies, and the laboratory methods used.
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The profile of IgM and IgG immunoglobulins is important to characterizing infection
in a given area (Olajide et al., 2015). The presence of only IgM or both IgM and 1gG
antibodies at the same time indicates an acute/recent rubella virus infection. However, the
presence of IgG antibody in the absence of IgM is a seromarker of immunity against rubella
virus (Mirambo et al., 2016). The absence of both IgM and IgG antibodies indicates
susceptibility to acquiring rubella infection. In the present study, both rubella-specific IgM
and 1gG antibodies were analyzed among pregnant women to determine acute/recent
infections and the levels of immunity against rubella virus infection in Luanda, Angola.
Despite the general very high seroprevalence of rubella infection, 11.4 % of the pregnant
women were seronegative. The susceptibility rate in among adult women could result in
outbreaks of CRS (WHO, 2011; Wondimeneh et al., 2018). Therefore, attention must be paid
to the susceptible group of women in this study in order to reduce the risk of CRS in their
future pregnancies.

Based on the previous recommendations of the US National Committee for Clinical
Laboratory Standards (NCCLS) (Skendzel, 1996) and international agreements and guidelines
(Dimech et al., 2008), in the absence of IgM, the pregnant women who had rubella 1gG levels
>10 IU/ml were classified as immune and those with IgG levels <10 [U/ml were classified as
susceptible. In the present study, 87.6% of the pregnant women had IgG levels of >10 1U/ml
(Table 9). None of these pregnant women had a previous history of rubella vaccination and
they were immune from rubella infections. This might be due to the endemicity of the virus in
the study area that sustained previous infections of the participants before conception or
during their childhood, as rubella infection is common among children and teenagers in some
countries (Shiferaw et al., 2016; Wondimeneh et al., 2018).

The prevalence of rubella 1gG (87.6%) in this study was greater than reported in
Burkina Faso (77%) (Tahita et al., 2013), in Niger (53%) (Onakewhor and Chiwuzie, 2011)
and southern India (65%) (Padmaja et al., 2010). However, the 1gG positivity rate was lower
than that found in studies conducted in other countries like Nigeria (97.9%) (Mohammed et
al., 2010), Cameroon (88.6%) (Fokunang et al., 2010), Turkey (96.1%) (Tamer et al., 2009),
Italy (85.8%) (Calimeri et al., 2012) and Mexico (97.1%) (Alvarado-Esquivel et al., 2016).
These variations in rubella IgG positivity in different countries might be due to the difference
in the endemicity of the rubella virus and the presence or absence of rubella vaccination in
their immunization programs.

In the present study, 1.0 % of the total pregnant women had both rubella IgM and IgG

antibodies. The rubella virus re-infection following natural immunity is very rare
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(Wondimeneh et al., 2018). Therefore, the pregnant women might be in stages of primary
rubella infection. Since these pregnant women were in the first and second trimester of
pregnancy, they might have acquired the infection during the pregnancy and subsequently
developed 1gG antibodies within 30 days of infection (Navigator, 2013). This indicates that
these pregnant women might not be immune before pregnancies and the foetuses can not be
excluded from rubella-associated risks. Although there are no data of CRS in Angola, the
newborns from women infected with Rubella during early pregnancy might acquire a
congenital rubella infection and be born with rubella-associated congenital anomalies or CRS.
Therefore, the screening of women of child-bearing age before conception or during
pregnancy might be crucial to reduce the consequences of acute rubella infection during
pregnancy (Wondimeneh et al., 2018).

In the multivariate logistic regression analysis, a statistically significant association
was found between rubella 1gG positivity with spontaneous abortions during the study; all
pregnant women who had a spontaneus abortion were seropositive for IgG anti-Rubella. The
rubella was considered as an etiologic agent for miscarriages in many countries (Abdolreza, et
al., 2011; Jahromi et al., 2011). Therefore, more attention should place on those pregnant
women who had recent or acute infections due to the teratogenic nature of the virus (Lee &
Bowden, 2000). Moreover, pregnant women who have a previous bad obstetric history may
be more vulnerable to acquiring acute rubella infections (Priyanka et al., 2017). Although the
mechanism is not clear and further studies are needed, a similar finding has also been reported
in other studies (Abdolreza, et al., 2011; Noor et al., 2015).

No statistically significant difference was found between anti-Rubella antibodies
positivity and socio-demographic characteristics of the pregnant women. A similar finding
was also reported in Namibia (Jonas et al., 2016), Southern Ethiopia (Tamirat et al., 2017),
and Nigeria (Pennap & Egwa, 2016). All the pregnant participants in the present study live in
urban settings. The high population density in urban areas might increase the contact rate and
pregnant women without protective levels of rubella immunity might acquire the infections
(Wondimeneh et al., 2018). A finding was reported in the pre-vaccine era in other countries
(Assaad et al., 1985; Goodson et al., 201; Hinman et al., 1998).

To reduce the circulation of the Rubella virus, vaccination is essential and is the only
way to prevent the disease (Avila Moura et al., 2016; Jahromi et al., 2011). Rubella is
commonly mistaken for other diseases because symptoms such as sore throats and headaches
are common to other infections, making it difficult to diagnose (Jahromi et al., 2011).

Although not serious, rubella is particularly dangerous in the congenital form. In this case, it
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may leave irreversible sequels in the fetus as glaucoma, cataract, cardiac malformation,
delayed growth, deafness and others. Therefore, prevention should be focused (Avila Moura
etal., 2016).

The WHO (2011) suggests the following strategies for the prevention of Rubella: (i)
Provide right to protection to school-age women and / or girls (ii) Vaccinate to provide
indirect protection by reducing the transmission of rubella virus infection (iii) a combination
of these approaches. The rubella vaccine was included in the Angolan national vaccination
plan in April 2018 an initial stage only covered children up to 14 years of age (WHO, 2012).

The prevalence of CMV and Rubella infection can be attributed to low socioeconomic
status and poor hygienic. Currently, about 36% of the population lives below the poverty line
and with limited access to basic public services (water, sanitation, energy, health, education
and housing). In the education sector, Angola is considered by UNESCO as a low educational
development index country, ranking 111th out of 120 countries in the UNESCO Education for
All 2012, with a value of 0.685 and a gender parity index of 0.734 (WHO, 2015).

There is no way to know how many cases of CMV and Rubella are identified each
year in Angola. Thus, there aren’t effective intervention to control CMV and Rubella
infection in the country. In the case of CMV, preventive measures including changes in
hygiene behavior of seronegative pregnant women should be implemmented as well as
routine maternal screening for primary infection.

Moreover, treatment with hyperimmune human immunoglobulin and the
administration of acyclovir or its derivative valaciclovir should be considered once do not
have teratogenic side effects when administered in the early stages of pregnancy (Adler et al.,
2007; Kimberlin et al., 2003).

4.6. Conclusion

Overall, this study showed that there is a high seroprevalence of anti-CMV and anti -
Rubella antibodies in pregnant women in Luanda. Therefore, it is important improve rapid
and accurate diagnosis of CMV and Rubella infection in pregnant women to prevent major
complications such as congenital infections. It would be also important to implement national
screening on CMV, rubella, and other diseases linked to maternal and child health. This study
showed that although most pregnant women were immune to rubella in Luanda, a
considerable number are still not immune. Therefore, rubella vaccination should be offered to
women with rubella-specific susceptibility to prevent further complications such as congenital

infections, reduce the incidence of birth defects, and preserve maternal and child health.
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CHAPTER 5

General Discussion and Concluding Remarks
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5.1 General Discussion

Angola is a country with vast natural resources, such as large reserves of minerals and
oil, and since 1990 its economy has shown growth rates that are among the highest in the
world, especially after the end of the civil war in 2002. However, the country continues to
face enormous development challenges, which include reducing dependence on oil and
diversifying the economy, rebuilding infrastructures, increasing institutional capacity and
improving governance and management systems public finances, human development
indicators and better living conditions of the population (World Bank, 2019). Angolans' living
standards remain low; the poverty rate is very highs (52%). One in two Angolans lives in
multidimensional poverty (UNPAF, 2015). The country's life expectancy and infant mortality
rates remain among the worst in the world, in addition to the prominent presence of economic
inequality, since the majority of the country's wealth is concentrated in a disproportionately
small sector of the population. Therefore, the country is also considered one of the least
developed countries on the planet by the United Nations (World Bank, 2018; UN-OHRLLS,
2014).

Despite a relative improvement in economic growth, the Angola’s population still
lives with serious health, education, water supply and sanitation problems. Unfortunately,
infectious diseases continue to represent a public health problem (IIMS, 2017). The great
social inequality is a common feature in Angola, and the province of Luanda is an example of
a city with economic and social contrasts. The value of the Human Development Index (HDI)
of Angola in 2017 was 0.393, typical of underdeveloped countries (UNPAF, 2015).

Infectious diseases are a great burden on many societies, including the countries in
development. To reduce that burden an integrated approach is required, combining health
promotion, disease prevention and patient treatment (WHO, 2001). The decrease in morbidity
and mortality due to infectious diseases in the demographic structure of some countries is
essentially characterized by an increase in life expectancy, a decrease in fertility and an aging
population (Frenk et al, 1989; Jamison, 2006; Nii-Trebi 2017). The Angola's epidemiological
profile is characterized by the predominance of communicable diseases as causes of morbidity
and mortality in the population: malaria, hepatitis, ADD, tuberculosis and HIV, represent
about 96.3% of the total diseases notified in 2011 (PNDS, 2012). Although toxoplasmosis,
rubella and cytomegalovirus (CMV) infection are diseases that have been widely studied
worldwide, there are few studies carried out in Luanda, Angola. Therefore, this work aimed to
study the seroprevalence of antibodies anti-T. gondii, anti-Rubella and anti-CMV in pregnant

women attended at the LPMH in Luanda, identify and dating maternal primary infection
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through the antibodies profiles and avidity tests, perform the diagnosis of congenital infection
using gPCR, studying the geospatial distribution of infections and assess the socio-
demographic and clinical risk factors associated with infections.

Our work shows a high seroprevalence of T. gondii (39.6%) and very high prevalence
of Rubella (87.6%) and CMV (98.5%) in the province of Luanda. These results corroborate
those found in other African developing countries: toxoplasmosis (80.3%) in the Democratic
Republic of Congo (DRC) (Yobi et al., 2014), rubella (89%) in Ethiopia (Wondimeneh et al.,
2018) and CMV (86%) in Kenya (Nisbet et al., 2018).

It is well documented that the prevalence of toxoplasmosis varies across countries, and
indeed contrasting data are observed: from 6.2% in México (Alvarado-Esquivel et al., 2016)
to 85.3% in Ethiopia (Abamecha & Awel, 2016). These differences may be associated with
various factors related to each region/country and specific characteristics of the population as
well with the diagnostic methods used. Other examples include sanitary practices and
eating/drinking habits, presence of household felines, poor or lower socioeconomic status,
contact with soil, lack of knowledge about the disease, and the overall climate conditions that
allow for the protracted environmental survival of the parasite’s oocysts.

Previous studies report the relationship between maternal infection with congenital
toxoplasmosis, which is relatively low (< 20%) during the first trimester and increases to up
to 90% at the end of gestation (Jones et al., 2003; Ortiz-Alegria et al., 2010). Recently, the
global prevalence of acute Toxoplasma infection in pregnant women was estimated at about
1.1%, suggesting that a large number of newborns are at risk of acquiring congenital
toxoplasmosis in utero (Rostami et al., 2019). In our study, there was a suspicion of active
toxoplasmosis in two participants who tested positive for IgM and 1gG; however, the IgG
avidity test and the gPCR allowed the exclusion of recent infection in these two women’s.
Moreover, the seronegative pregnant women (60.4%) had follow-up during prenatal care and
none of them presented seroconversion i.e. none acquired toxoplasmosis. However, the
multivariate analysis has shown that gestation age and suffering spontaneous abortion are
significantly associated with T. gondii seropositivity. The percentage of pregnant women with
prior exposure in the third trimester was high compared with the other trimesters, showing
that women in the last trimester of pregnancy had an increased likelihood of T. gondii
seropositivity. Adittionaly, spontaneous abortion was the most common form of pregnancy
loss in our study, and is in line with other studies (Chintapalli & Padmaja, 2013; Kamal et al.,
2015; Sarkar et al., 2012). The immunological control of placental infection is probably a key

event in the occurrence of congenital infection and miscarriages (Pfaff et al., 2007), but
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advances in understanding the pathophysiological process still need to be achieved (Robert-
Gangneux & Dardé, 2012). Unfortunately, we do not have fetus material or placenta from
those cases of spontaneous abortion to confirm the presence of T. gondii. In the future, the
implementation of the diagnosis of maternal primary infection as well the appropriate
diagnosis of congenital toxoplasmosis will be crucial.

The primary prevention measures in Toxoplasma-seronegative pregnant women
helped to reduce seroconversion rates in many countries (Avelino et al., 2014). Unfortunately,
routine screening for T. gondii infection during pregnancy is not performed for most Angolan
women, as the test is not mandatory in prenatal care and the associated costs are high cost. In
addition, poor access to higher education and the lack of promotion of public health in general
explain how a very high percentage of the pregnant women (93.3%) lacks knowledge of
toxoplasmosis as seen in the present study. Our data are similar to those found in several
worldwide studies that report a generally low level of knowledge about toxoplasmosis, risk
factors, prevention and consequences of diseases among pregnant women (Laboudi, 2017;
Elsafi et al., 2015). However, they contrast with the studies carried out in Poland (Smereka et
al., 2018), Geneva, Switzerland (Willame et al., 2015) and Holland (Pereboom et al., 2013),
which reflects well that the policies that are adopted by each state influence the disease
progress.

Regarding the risk factors for toxoplasmosis in pregnant women, the multivariate
analysis has shown that tested positive for HIV, tested positive for HIV hepatitis B, and the
presence of household pets are significantly associated with T. gondii seropositivity.

According to the literature, the severity and clinical significance of human
toxoplasmosis varies with the host’s immune status, therefore HIV-infected patients may be at
higher risk of developing toxoplasmosis disease (Ayi et al., 2016; Laboudi, 2017).
Toxoplasmosis is the most common opportunistic infection in HIV-seropositive
immunocompromised hosts, where it predominantly occurs as a reactivation of endogenous
infection (Ayi et al., 2016). Furthermore, latent infection by T. gondii in 30 to 50% of HIV
patients has a high risk of progressing to toxoplasmosis encephalitis (Alfonso et al., 2009). It
was also reported that hepatitis B infection in pregnant women also leads to increased risk of
chronicity of cirrhosis and / or hepatocellular carcinoma (Xiao et al., 2007). In our study, the
seroprevalence of T. gondii in HIV-positive pregnant women was higher than those who
tested HIV-negative. A higher prevalence of T. gondii infection was also observed among
hepatitis B seropositive pregnant women than in seronegative women. To have HIV and/or

hepatitis B can lead to a reactivation of toxoplasmosis and, in some cases, trigger the most

112



serious clinical manifestations of these diseases (Xiao et al., 2007). Because of the prevalence
of infection among the population, it is extremely important to perform serological screening
in the prenatal period in order to initiate early treatment, or even avoid vertical transmission
(UNAIDS, 2016; Piazza et al., 2010).

It is believed that cats are the main carriers and transmitters of T. gondii infection to
humans (Weiss & Kim, 2013; de Wit et al., 2019; Jiang et al., 2018). In the present study, the
seroprevalence of T. gondii among pregnant women who had cats was higher than in pregnant
women who did not have cats. However, no significant association was found between the
presences of cats in the household and T. gondii seropositivity. In contrast, we found that
having pets at home, not specifically the cat, is a potential risk factor for T. gondii
seropositivity in pregnant women. The logistic regression analysis showed that contact with
pets at home and/or in family member’s/friends’ homes is associated with T. gondii—
seropositive women. Cats can disseminate oocysts in the environment, while dogs can act as
mechanical vectors assisting in the transmission of infectious forms of T. gondii (Avelino et
al., 2004).

The investigation of the geospatial distribution of T. gondii seropositive pregnant
women allowed us to identify the municipality of Belas as the area with lower risk to acquire
toxoplasmosis. Previous studies have shown that living in rural or suburban regions with soil
exposure is a risk factor for toxoplasmosis in pregnant women (Cong et al., 2015; Fromont et
al., 2009). Our results point that the prevalence of T. gondii among pregnant women is higher
in the group in frequent contact with the soil; however, no statistically significant association
was observed between T. gondii seropositivity and activities and practices that promote
contact with soil (gardening). This result may have been influenced by the fact that most of
the pregnant women live in urban area.

Overall, the study of toxoplasmosis is important in the planning of educational
programs aimed at reducing the incidence of toxoplasmosis during pregnancy. The best
measures to prevent toxoplasmosis are those directed at primary prevention, basically
characterized by public health and education programs recommended through campaigns,
lectures, pamphlets and the guidance provided by health teams informing pregnant women to
avoid contact with animals, potentially harmful contaminated materials, and avoid the
consumption of raw or undercooked meat.

Regarding Rubella and CMV, our study shown that the seroprevalence rate for rubella
infection was 88.6% and for CMV infection was 98.5%. This is the first study carried out in

Luanda/Angola to assess the rates of CMV and rubella infection in pregnant women. The
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profile of CMV-IgM negative/CMV-IgG positive in pregnant women (96.5%) indicates that
the great majority of infections probably occurred during childhood or adolescence Several
studies showed that low socioeconomic status was found to predict CMV IgG seropositivity
(Wujcicka et al., 2014). Although we did not have data about the socioeconomic level
(through the material deprivation index; MDI) of the studied population, it should be pointed
out that this study was carried out in a public maternity hospital where the majority of the
attendants are women of low family income. CMV stands out as the major cause of congenital
infection, reaching rates between 0.2 and 2.6% of the total number of births worldwide, being
responsible for cases of neonatal mortality and morbidity (Korndewal et al., 2017). Our study
showed that the majority of pregnant women with 1gG and IgM positive were in the first
trimester of gestation, the period of highest risk to the fetus in case of virus transmission
(Davis et al., 2017). Therefore, it would be beneficial to inform pregnant women about the
need for follow-up to detect prenatal infection and to plan appropriate intervention such as the
use of drugs to control infection and / or prevent fetus infection (Yeshwondm et al., 2016).
The epidemiological importance of rubella is related to congenital rubella syndrome
(CRS) that affects the fetus or the newborn due to the infection contracted by the mother
during pregnancy. Despite the high seroprevalence of rubella infection, 11.4% of pregnant
women were seronegative. This susceptibility rate in among adult women could result in
outbreaks of CRS (WHO, 2011; Wondimeneh et al., 2018). Moreover, 1.0 % of the total
pregnant women had both rubella IgM and 1gG antibodies. The rubella virus reinfection
following natural immunity is very rare (Wondimeneh et al., 2018) and so the pregnant
women in our study might be in stages of primary rubella infection. Since these pregnant
women were in the first and second trimester of pregnancy, they might have acquired the
infection during the pregnancy and subsequently developed IgG antibodies within 30 days of
infection (Navigator, 2013). This indicates that these pregnant women might not be immune
before pregnancies and the foetuses cannot be excluded from rubella-associated risks.
Although there are no data of CRS in Angola, the newborns from women infected with
Rubella during early pregnancy might acquire a congenital rubella infection and be born with
rubella-associated congenital anomalies or CRS. Moreover, the rubella was considered as an
etiologic agent for miscarriages in many countries (Abdolreza, et al., 2011; Jahromi et al.,
2011). In the multivariate logistic regression analysis, a statistically significant association
was found between rubella IgG positivity with spontaneous abortions during the study; all
pregnant women who had a spontaneus abortion were seropositive for 1gG anti-Rubella.

Therefore, the screening of women of child-bearing age before conception or during
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pregnancy might be crucial to reduce the consequences of acute rubella infection during
pregnancy (Wondimeneh et al., 2018). To decrease the circulation of the Rubella virus,
vaccination is essential and is the only way to prevent the disease (Avila Moura et al., 2016;
Jahromi et al., 2011).

5.2. Concluding Remarks

Overall, this study estimated the prevalence and serological characterization of
Toxoplasmosis, Rubella and CMV in pregnant women attended at the Lucrécia Paim
Maternity Hospital in Luanda, as well as identifies vulnerable areas and socio-demographic
and clinical risk factors for these pathologies. Also reports epidemiological data of HIV and
hepatitis B and its association with these pathologies. It is the first time that the molecular
diagnosis by gPCR of T. gondii was performed on fragments of placenta in the pregnant
population of Luanda, allowing confirmation of the results of the serological tests. It was also
the first time that took place study on the prevalence of rubella and CMV in pregnant women
in Luanda/Angola was carried out.

The results showed that there is a high seroprevalence of anti-T. gondii, anti-CMV and
anti-Rubella antibodies in pregnant women in Luanda. Therefore, it is important improve
rapid and accurate diagnosis of toxoplasmosis, CMV and Rubella infection in pregnant
women to prevent major complications such as congenital infections. It would be also
important to implement rubella vaccination in women with rubella-specific susceptibility. Our
results also underscore the need for diagnostic and clinical follow-up of other infectious

diseases, including HIV and hepatitis B during pregnancy.
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