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ABSTRACT

Background: Knowledge about malaria associated with pregnancy
(MAP) is scarce in Latin America and Colombia.

Methodology: This paper presents an overview of studies captained
in Pubmed, Lilacs, GoogleScholar and thesis repositories from six
Colombian universities and bibliographic references of manuscripts.

Results: The following topics have been described: study sites, infectious
agents, genetic variation of Plasmodium in MAP, vector resistance to
insecticides, incubation period, natural susceptibility and resistance to
infection, immunity in MAP, frequency, coexistence of gestational (GM)
and placental (PM) malaria, associated factors, efficacy of antimalarial
treatment, material living conditions in MAP. The MAP has a high
prevalence, with a high frequency of submicroscopic infections. There
are cases of MAP due to P. falciparum, P. vivax, or both. Monotherapy
with chloroquine or amodiaquine for MAP for P. vivax has efficacy greater
than 95% and artemether-lumefantrine or artesunate-mefloquine
100% for P. falciparum. There are high rates of anemia in pregnancies
(30-70%). In “The Region,” there is no problem of resistance of vectors
to insecticides. MAP occurs in poor territories, with interaction of food
insecurity, chronic malnutrition, dissatisfaction of basic needs, intestinal
parasites, violence and abuse of human rights.

Conclusions: MAP study is just beginning in Colombia; there are no
programmes that effectively operate to detect and solve this problem;
Government agencies, international health organizations, and private
companies should finance the multidisciplinary and comprehensive
research (natural and social) of the MAP, in order to know its main
characteristics throughout the country and use that knowledge as a
basis to seek solutions.

Keywords: Malaria, Plasmodium, Pregnancy, Placenta, Neonate,
Epidemiology, Colombia
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Introduction

Knowledge about malaria associated with pregnancy (MAP)
is scarce in Latin America and Colombia. MAP has three
presentations: gestational malaria (GM), placental malaria
(PM), and congenital malaria (CM); Colombian health
agencies do not disclose data on them. MAP occurs owing
to infection by one of the five species that affect humans: P
vivax, P. falciparum, P. malariae,*? P. ovale? and P. knowlesi;?
of P. cynomolgi, simian plasmodia, a case of natural human
infection is known, a Malaysian woman without pregnancy.*

The information on MAP in Africa shows that the problem is
serious according to its frequency, effects on maternal and
child health, and economic consequences.>” In Colombia
MAP is also a serious clinical and public health problem, but
with lower frequency.®* The great area of the north of the
country, from the Uraba Antioquefio region, to the west, the
upper basins of the Sind and San Jorge rivers, in the south
of the department of Cérdoba, and finally, to the east, the
Bajo Cauca Antioqueiio and the south of the department of
Bolivar (hereinafter, the area is called “La Region”) (Figure
1), generates more than 60% of the registered cases'? and
is the one that concentrates the scientific production on
MAP in Colombia. “La Region”, as all of Colombia, it does
not have significant problems with the resistance of vectors
to insecticides or of the parasites to antimalarials; these
do not explain the high and sustained morbidity; instead,
the social, economic, political and cultural determinants of

the disease are more relevant to explain the permanence
of the disease in the territory.:

The reports on MAP in Colombia are few and scattered
over time; For this reason, it is necessary to compile them
to improve understanding of the problem and the current
state of the country in this field of research.

Methodology

A systematic search of original studies on MAP was carried
out in the 25 municipalities of “La Regidn.”*? Information
was searched in Pubmed, Lilacs, and Google Scholar; This
search strategy was used (malaria AND [pregnancy OR
pregnancy] AND Colombia). In addition, thesis repositories
from the Colombian universities of Antioquia, Cérdoba,
Valle, Cartagena, Norte-Barranquilla and Nacional, the
documentary archive of the research group of the authors
of this manuscript, and the references of articles and thesis
were consulted. The studies were published between 1985
and 2020, all the studies captured were included regardless
of their quality.

Results and Discussion

The topics that have been investigated in MAP in Colombia
since 1985 include preclinical studies on characteristics
of the vector, Plasmodium, immunity and resistance to
infection; as well as designs from classical epidemiology
(mainly observational) and study on socioeconomic
conditions (Figure 2).

— — =

Figure 1.The Great Malarious Zone in Northwestern Colombia (“La Region”)
Note: Three deparments: Antioquia with Uraba and Bajo Cauca; Cérdoba with Valencia, Tierralta, Puerto Libertador
and Montelibano; and Bolivar with Montecristo, Santa Rosa del Sur, Norosi y Tiquisio (Puerto Rico)
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Figure 2.Scheme of the Topics Investigated on MAE Colombia 1985-2020.

“La Region”

“La region,” in which the studies were carried out, has
been specifically described, it has 35,000 km? areaand 1.1
million inhabitants, all exposed to malaria; has an annual
parasite index> 25/ 1,000 exposed, stable transmission
(it does not have marked fluctuations in annual cases of
malaria), and Plasmodium vivax predominates (60-70%
of the total).??

Material regarding Living Conditions and MAP

It is evident that Colombian research on MAP is too scarce,
and that reference to its “social variables” is almost nil. In
the specific case of pregnant women, women in labor and
their children, some studies have also been carried out***
that are consistent with what was found in the general
population®® and allow us to affirm that this situation of
poverty is typical of the entire “La Region.”

It has been known with enough arguments and for too
many decades that malaria is a disease of social groups
with the worst socioeconomic conditions; it is not a “disease
of the tropics” but a disease of the most exploited and
marginalized people who reside in the tropics. In this
area of the country, the common denominator of living
conditions is poverty (higher than the average for the
department and the country) derived from its interaction
with food insecurity, chronic malnutrition, malaria, intestinal
parasites, dissatisfaction of basic needs, violence, and abuse
of human rights.*>1718 |n these areas, “progress” seems to
have been lost, while the social inequality and injustice
that affect malarias’ families is demonstrated, as a result
of inequitable economic, political, and social processes in
the country.”

Vector Resistance to Insecticides and Infectious
agents of MAP

In “La Region,” there is no problem of resistance to
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insecticides by Anopheles.**2! In the region, MAP is caused
by P. falciparum, P. vivax or both (mixed infection),022-2
cases of P. malariae are unknown, which is endemic in
small foci of Valle Del Cauca and Amazonia.3%3

We did not find information on incubation periods in “La
Region,” this must be the same as for malaria in the general
population: P. falciparum 12 days (7-14 days), P. vivax and
P. ovale 14 days (8-14 days), P. malariae 7-30 days. It is not
defined for P. knowlesi (morphologically indistinguishable
from P. malariae) even in the most recent reviews.323

Genetic Variation of P vivax and P. falciparum in
MAP

In pregnant women from “La Region,” the genetic variation
of P. falciparum and P. vivax was studied from plasmodial
isolates from four sources: non-pregnant, placenta,
maternal peripheral blood at delivery and during prenatal
consultation, using the index fixation Fst (estimated by
single nucleic polymorphisms or microsatellites), which
takes values between zero (complete panmixis, the two
populations are mixing freely) and one (all genetic variation
is explained by the population structure); a higher Fst
indicates greater genetic differentiation of parasites. In
Colombian P. vivax infections, no genetic differentiation
was found between the plasmodia of the four groups, but
in P. falciparum infections the Fst index showed significant
differences from the parasites obtained at the time of
delivery (peripheral blood and placenta), with parasites
obtained from pregnant women in prenatal control and
in non-pregnant women (the latter two did not show
differences).1%2627

Another study with a pregnant and non-pregnant population
infected with P, vivax, found that pregnant women presented
a greater number of different alleles, both in primary
infection (P1) (34 alleles) and in recurrence (RR) (23 alleles),
compared with non-pregnant (26 different alleles in Pl and
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8in RR). Pregnant and non-pregnant women had infections
with several clones in Pl and RR, the microsatellite Pv3, 27
was detected in most polyclonal infections. The frequency
of RR in pregnant women was 46% and in non-pregnant
women 13%. RRs in pregnant women were genetically
heterologous in 68% and homologous in 21%, while in
non-pregnant women they were heterologous in 67%
and homologous in 33%. The pregnant women had higher
levels of Fox-P3 expression in the Pl compared to the RR
(p <0.05), while the non-pregnant women did not have
significant differences between the Pl and RR moments
in any of the immune mediators analyzed. There were no
significant differences between the times of admission and
recurrence for any of the immune mediators analyzed (TNF,
IFN-y, IL-8, IL-13, TGF-B, IL-10, PD-L1, Fox-P3) in patients
with parasites genetically homologous or heterologous to
the initial infection.3

In 46 patients with uncomplicated malaria (33% pregnant
and 67% men) caused by P. falciparum, residents of Tierralta,
Cdrdoba, a low genetic variation of the plasmodial species
that circulate in Colombia was demonstrated; For this
reason, it is plausible to think that a vaccine developed
with conserved antigens generates a high effectiveness
against MAP in this country. This same study suggests that
the plasmodia circulating in the country come from Africa,
and are genetically different from those reported in other
South American countries.®

Immunity in MAP

A multicenter study with 572 pregnant women from 5
endemic countries for malaria (including Colombia), some
with P, vivax infection and others without infection, indicates
that in GM vivax the predominant immune response is
Th1 and pro-inflammatory, when it is balanced with anti-
inflammatory cytokines can prevent negative outcomes
during labor, while exacerbating the Th2 response may
present deleterious effects during delivery.3®

Gnidehou’s study in Colombia reported the presence of
anti-VAR2CSA antibodies in pregnant women, men and
children exposed to malaria, which inhibit the adhesion
of infected erythrocytes to chondroitin sulfate A (CSA)
in vitro.’” However, a later study indicated that said 1gG
antibodies against VAR2CSA were not specific for plasmodial
infection, highlighting that the specific antibodies are limited
to the gestational period.3®

A study in 2019 with non-pregnant women exposed to P.
vivax showed that antibodies anti-Duffy binding protein,
have cross-reactions with VAR2CSA and prevented adhesion
of the parasite to CSA.*° Furthermore, Gnidehou & Yanow,
in 2020, determined multiple variables that can affect the
detection of IgG antibodies against VAR2CSA: differences
in the native and recombinant protein, type of antigens,

phase of infection, analytical method and the low study
of the functionality of 1gG antibodies since in many cases
only the reactivity is determined.*

Other authors have studied variations in the classical
immune response against the parasite, specifically the
way in which Plasmodium displays polymorphic epitopes
to evade the immune response. In pregnant women, this
implies the possibility of designing vaccines to cryptic
epitopes, and in this way, achieving the production of
antibodies that protect against multiple Plasmodium
strains.

Most of the studies on the immune response in MAP
focus mainly on P. falciparum infections, they agree that
the consequences of MAP go beyond infection during
pregnancy, since its effects extend to the neonate and the
first years of life.

In pregnancy is not known how antiplasmodial antibodies
(Ab) maintain protective levels, and its levels in reinfections
are not known either. Despite this absence, a study in
northwestern Thailand measured Ab levels against merozoite
antigens (m-Ag) from both species and against VAR2CSA
antigens from P. falciparum. The Ab against Ag-m of the
two species are not constant, with high heterogeneity due
to variations in the exposure; furthermore, a potentiation
of this response was recorded in each new infection, with
a duration of the immune response against m-Ag for about
1-8 years.* This indirect evidence of immune memory has
also been attempted to support cross-reactivity between
species P. vivax and P. falciparum.*®

Natural Susceptibility and Resistance to Infection

Human susceptibility for each species is general, except
that of blacks with respect to P. vivax, who have resistance
since, in general, they lack the Duffy antigen (DARC or Fy
glycoprotein (FY) or CD234), which is a mandatory receptor
used by that plasmodium to invade erythrocytes.* The few
studies, that have addressed this issue, conclude that the
susceptibility of pregnant women is greater than that of
those without pregnancy.*®

Frequency MAP

The frequency of GM with TBS can range between 1.0%
and 23.0%>3%% and, with PCR, it rises to 49%.242%47 MP with
TBS has been reported in a range of 2% to 12%, which with
PCR rises to 57%.22%%% The CM ranges between 0.2% and
2.0% and with PCR it reaches 29%.2228:2948

With TBS, the prevalence of GM was somewhat higher
than the incidence (10.39% vs 9.28%) in a previous study.*®
Something similar occurs with the prevalence in another
investigation:?* 14.0% with TBS and 9.1% with nested
PCR. The situation becomes more difficult when knowing
that 79% of the infections diagnosed with qPCR were
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submicroscopic;? these are asymptomatic but effective
in maintaining transmission.?®*” The comparison of the
diagnostic tests (TBS vs set of PCR varieties) shows that
the frequency can be quadrupled when applying PCR.
Something similar occurs with the prevalence of PM and
CM, demonstrating that submicroscopic infections (detected
with PCR, but not with TBS) affect maternal health, the
placenta and affect the gestational product.?252¢

Coexistence of GM and PM

GM is prior to infection of the placenta (PM). The first can
exist without the second and PM can be without GM, but the
usual is their coexistence. The study in four municipalities
of Uraba Antioquefio in 293 parturient women and their
placentas found a highly significant coexistence between
GM and PM according to the TBS* among 27 positive results
in the mother, 63% were positive in the placenta; among
19 positive results in the placenta, 89% were positive in
the mother. Another reading of these data is this: when
the TBS is positive in the mother, the probability that it is
positive in the placenta is 63%, compared to 89% that it is
positive in the mother when it is positive in the placenta.

Associated Factors

In a Colombian study with 2,117 pregnant women, the
average age was 23.1 + 5.2 years; those under 18 years of
age represented 18%, those of 18-24 years 47%, those of
25-39 years contributed 33.5% and those of 40-46 years
contributed with 2% of the total cases of GM.* It has also
been documented that, in MAP, the length of residence in
the malarious area (as a proxy for the number of malaria
attacks suffered in life) and the number of malaria attacks
suffered during pregnancy are more important than age.
In general, the number of GM attacks is associated with
age, with the time of residence in the malarious area, with
parity (number of pregnancies and deliveries), but all this
is an approximation of the only important thing: number
of episodes suffered of MAP; since the immune experience
obtained and accumulated outside of pregnancy does not
protect against MAP.*

Efficacy of Antimalarial Treatment

This review found two papers on the treatment of GM, one
investigation evaluated the response of pregnant women
with uncomplicated falciparum malaria to treatment with
artemether-lumefantrine or artesunate-mefloquine and the
response was adequate in 100%. Both studies measured
the response of pregnant women with uncomplicated vivax
malaria to chloroquine monotherapy and the response was
adequate in 95-100% and one of these reports indicates
an adequate response to amodiaquine monotherapy in
97-100%.°%5*

Standard treatment with chloroquine (CQ) or amodiaquine
(AQ) as schizonticides against P. vivax also succeeds in

ISSN: 0019-5138

eliminating the gametocytes of this plasmodium. In
contrast, schizontocidal treatment against P. falciparum
does not eliminate them, whether or not it has artemisinin
derivatives; for this reason, primaquine should be added
to the schizontocide, which should not be used in case of
pregnant women.>?

Conclusion

The study of MAP is just beginning in Colombia; its frequency
with PCR is high, with a high frequency of submicroscopic
infections. There are no programmes that effectively work
to detect and solve these problems. Government agencies,
international health organizations, and private companies
should finance the multidisciplinary and comprehensive
research (natural and social) of the MAP, in order to know
its main characteristics throughout the country and use
that knowledge as a basis to seek solutions.
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