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ABSTRACT

Objectives. To identify Plasmodium vivax genotypes in the pregnant and non-pregnant population and
explore their association with immune mediators. Materials and methods. Two cohorts of patients with
uncomplicated vivax malaria were followed for 120 days in Puerto Libertador and Tierralta, Cordoba, Co-
lombia: 41 pregnant women and 46 non-pregnant individuals, all treated with standard treatment. Parasite
genotypes (microsatellites Pv3.27, Pv3.502, and Pv1.501) and the expression of host immune mediators
(IL-13, IL-10, TNF-alpha, IFN-gamma, IL-8, TGF-beta, Fox-P3, PD-L1) were compared between primary
and recurrent infections. Results. The frequency of recurrences was higher in pregnant women (41.6%)
than in non-pregnant individuals (8.7%). Parasite genetic diversity was higher in pregnant women, al-
though without exclusive alleles. Recurrences were genetically homologous (same alleles) in only 23% and
33% of cases in pregnant and non-pregnant individuals, respectively. Regarding immune mediators, only
Fox-P3 expression varied significantly in pregnant women, with higher expression in the primary episode
than in the recurrent one. Conclusions. Pregnant women are exposed to a high frequency of vivax malaria
recurrences, with high parasite genetic variation, which may affect the development of effective protective
immunity and favor adverse obstetric outcomes, both maternal and neonatal. These findings raise the need
to strengthen and optimize prevention and treatment actions for vivax malaria during pregnancy.

Keywords: Malaria, Plasmodium vivax, Recurrence, Pregnancy, Genotypes, Cytokines (source: MeSH NLM).

INTRODUCTION

Infection by Plasmodium vivax during pregnancy is associated with disease in the woman (gestatio-
nal malaria), placental damage (placental malaria) ", and adverse maternal and perinatal outcomes
@39, Tt is estimated that, each year, more than 90 million pregnancies worldwide are at risk of P, vivax
infection @. In particular, in the American continent, this species is responsible for more than 80% of
malaria cases ), with reports from northwestern Colombia documenting a frequency of gestational
malaria of 35.8% and placental malaria between 20.9% and 27.7% ©”. Studies that contribute to the
knowledge of the genetics and pathogenicity of the parasite, as well as the host immune response, are
indispensable for understanding the pathophysiological processes of this species. In general, knowle-

dge about P, vivax is much less advanced than that of P. falciparum. However, available reports leave
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no doubt about the pathogenic role of P, vivax during gestation
nor about the morbid effects it produces in pregnant women
and their children -39

All Plasmodium species can cause malaria recurrences,
understood as the reappearance of parasitemia, with or
without associated symptoms, after having received specific
antimalarial treatment “*'V. These recurrences can be of three
types: A) recrudescence, caused by the incomplete elimination
of erythrocytic stages (therapeutic failure). It usually appears
within 28 days of initiating treatment and can be caused by
any species of Plasmodium (2. B) Reinfection, generated
by the inoculation of new sporozoites by the vector. It occurs
after 28 days of initiating treatment in patients with complete
cure of the initial episode, and can be caused by any species
(101213 - C) Relapse, caused by the activation of hypnozoites
(latent hepatic stages) and appears after 28 days of initiating
treatment for P. vivax or P. ovale malaria, in patients who had
a complete resolution of the primary episode 12~

Other suggested sources of relapses are erythrocytic
stages sequestered in the spleen and bone marrow %, spo-
rozoites that survive in the skin, and merozoites present in
the lymphatic system (9. In patients coming from non-en-
demic areas, the differentiation between recrudescence, re-
infection, and relapse can be performed through clinical and
parasitological follow-up. However, in residents of endemic
areas, this differentiation is limited, since currently there are
no accessible tools available that allow distinguishing relia-
bly between relapses and reinfections 7.

Primaquine (8-aminoquinoline) as a hypnozoiticide, in
combination with chloroquine (4-aminoquinoline), which acts
as a blood schizonticide, constitutes the treatment indicated to
cure vivax malaria and prevent relapses in Colombia and in
most endemic areas. However, primaquine is contraindicated
during pregnancy and lactation due to the risk of dose-depen-
dent hemolysis in fetuses and newborns with undiagnosed glu-
cose-6-phosphate dehydrogenase deficiency (5.

The quantity of recurrences by P. vivax could be influ-
enced by immunity acquired during the primary episode
and by the immunological history of previous episodes ®”.
Patients acquire natural immunity after primary infection,
and experimental studies have demonstrated that immune
protection is clone-specific ?. However, available informa-
tion on the immune response in malaria recurrences is scarce
@223) Tn Thailand, it was observed that both proinflammato-
ry and anti-inflammatory cytokines presented higher levels
in patients with P. vivax than in healthy individuals. Further-

more, in patients with homologous or heterologous relaps-
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KEY MESSAGES

Motivation for the study. Vivax malaria constitutes a relevant
challenge in public health in Colombia, especially in pregnant
women, who are more prone to recurrences and complications.
However, the genetic diversity of the parasite in primary and
recurrent infections, as well as its relationship with the host
immune response, has been scarcely studied.

Main findings. Pregnant women presented a higher frequency
of recurrences (41%) and a greater genetic diversity of the
parasite compared to non-pregnant individuals. Likewise, a
higher expression of Fox-P3 was observed during the primary
infection of pregnant women, which may modulate protective
immunity.

Public health implications. Strengthening the prevention and
control of P, vivax malaria in pregnancy is crucial to decrease
recurrences and improve maternal and neonatal outcomes.

es, IL-1P levels were higher during primary infection, while
IL-6 and IL-10 levels were higher in heterologous relapses
than in homologous ones @Y.

The genetic diversity of P. vivax is much greater than that
of P falciparum ©**). Genotypically, malaria recurrences
can be homologous or heterologous: in homologous ones,
the parasite genotypes of the primary episode and the
recurrence are exactly the same ?*?), while in heterologous
ones, different parasite genotypes are found in the primary
episode and in the recurrence ®. In Colombia, few studies
have compared P. vivax genotypes between primary infection
and recurrence ®**, and none have been conducted in the
pregnant population. The human host immune response to
plasmodial infection is very complex, and when it occurs
during gestation, this complexity is even greater due to the
hormonal and immunological changes that occur during
pregnancy, where it is necessary to maintain a balance
between the proinflammatory and anti-inflammatory
immune response ¢,

This study aimed to compare P, vivax genotypes between
the primary episode and the recurrence in the pregnant and
non-pregnant population, as well as to explore the associ-
ation between parasite genotypes present in those malaria
episodes with the expression of proinflammatory and an-

ti-inflammatory immune mediators in both groups.
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MATERIALS AND METHODS

Study site and population

This research was executed in Puerto Libertador (7°53'17"N
75°40'25"W) and Tierralta (8°1022"N 76°03'34"W), in the de-
partment of Cordoba, Colombia. Both belong to the second
malaria transmission focus in Colombia (Uraba-Bajo Cauca-Si-
nu-San Jorge), where P, falciparum and P, vivax co-circulate, al-
though P, vivax predominates, with 65% of cases ®*?. Approxi-
mately 51% of vivax malaria cases reported in Colombia come
from this region. Between the years 2000 and 2023, 674,294 ac-
cumulated cases were registered, with an annual parasite index

for P, vivax (number of cases per 1000 inhabitants) of 13.9 ¢2.

Study design

A descriptive, prospective, and longitudinal study was carried
out, with two cohorts: 41 pregnant women and 46 non-preg-
nant men and women, all volunteers with a diagnosis of un-
complicated malaria caused exclusively by P. vivax. The infec-
tion was detected by thick blood smear (TBS) and confirmed
by quantitative real-time PCR (qPCR). The inclusion of par-
ticipants was progressive between 2016 and 2019, both at the
malaria diagnostic post of the local hospital and in prenatal

consultation.
Selection criteria

Inclusion criteria

Pregnant women of any gestational age were invited to par-
ticipate, as well as non-pregnant men and women, who pre-
sented single infection by P. vivax confirmed by TBS and
qPCR, who were classified as uncomplicated malaria cases,
and who voluntarily consulted at the local hospital between
2016-2019. All participants consented to their voluntary
participation by signing the informed consent, and in cases

of minors, informed assent was also signed.

Exclusion criteria

Pregnant women with a history of comorbidities compa-
tible with TORCHS syndrome, as registered in the clini-
cal history, were excluded, as well as patients (pregnant or
non-pregnant) who had received any antimalarial other
than the standard treatment prescribed at the local hospital.
Those who withdrew consent, developed any malaria com-
plication during follow-up, or reported pregnancy during
the course of the study within the non-pregnant cohort were

also excluded.

Antimalarial treatment

The treatment supplied to the volunteers of this study was
that recommended by the World Health Organization
(WHO) and the health authorities of Colombia for uncom-
plicated P, vivax malaria. In non-pregnant patients, the com-
bination of chloroquine for three days (total dose of 25 mg/
kg) plus primaquine for 14 days (daily dose of 0.25 mg/kg)
was administered. In pregnant women, only chloroquine
was prescribed (total dose of 25 mg/kg divided over three
days), due to the contraindication of primaquine during
pregnancy 3%, The treatment was dispensed by the staff of
the malaria diagnostic post of the local hospital, and its ad-

ministration was unsupervised.

Sample collection and follow-up

On the day of admission to the study (day 1), before the
administration of the first dose of antimalarial treatment,
venopuncture was performed on each volunteer to obtain a
peripheral blood sample, to prepare: a) two TBS slides for mi-
croscopic diagnosis of malaria; b) three circles of Whatman®
No. 3 filter paper for DNA extraction for confirmation of sin-
gle P. vivax infection by qPCR and for genotyping of parasites
with microsatellites; c) two vials, each with 100 uL of the leu-
kocyte pellet mixed with 900 pL of TRIzol (Invitrogen), pre-
served in liquid nitrogen until use in RNA extraction for the
quantification of immune mediator expression.

Follow-up for the detection of recurrences was perfor-
med on days 28, 60, 90, and 120 after the start of antimalarial
treatment. At each follow-up, malaria symptomatology was
evaluated and venopuncture was performed to collect the
same samples obtained on the day of admission. Unschedu-
led visits by volunteers between days 2 and 120 were also
considered for the detection of recurrences; that is, if any vo-
lunteer presented a positive TBS or malaria symptomatology
on days other than 28, 60, 90, or 120, it was also considered a
malaria recurrence and, on that day, the same blood samples

as on the day of admission were collected.

Diagnosis of plasmodial infection
TBS slides were stained with Field stain and read by an ex-
perienced microscopist technician from the local hospital,
following WHO recommendations ©¥. For parasitemia cal-
culation, a parasite count was performed in a total of 200
leukocytes, using the constant of 8000 leukocytes/uL.
Confirmation of single P. vivax infection was done by
qPCR, using the protocol and primers and probes for the

18S gene, which were designed by researchers from Edmon-
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ton, Canada ©*. DNA extraction from filter paper was done
using the Saponin- Chelex method previously described by

other researchers ©9.

Parasite genotyping
Amplification of microsatellites Pv3.27, Pv3.502, and
Pv1.501 was done by semi-nested PCR according to Koepfli
et al. @, with some modifications: 1X PCR buffer (Qiagen), 3
mM (Pv3.27) or 3.5 mM (Pv3.502, Pv1.501) of MgCI2 (Qia-
gen), 200 uM of each deoxynucleotide triphosphate (ANTP)
(Takara Bio), 0.25 uM of each primer, and 0.067 IU/ L of
recombinant Taq DNA polymerase (Fermentas). To confirm
adequate amplification, 2 pL of each product were run on 2%
agarose gel electrophoresis, stained with GelRed™ (Biotium),
and bands were visualized on a UV transilluminator.
Analysis of the size of amplified products was perfor-
med by capillary electrophoresis on a 3500 genetic analyzer
(Hitachi Applied Biosystems), with the internal standard
GeneScan 600 LIZ (Applied Biosystems) and factory con-
ditions for microsatellites. PCR products were diluted in
Milli-Q water, 1:10 (Pv3.502) or 1:20 (Pv1.501 and Pv3.27).
Electrophoresis data were analyzed with GeneMapper ID-X
Software v1.5 (Applied Biosystems) and electropherograms
were examined visually. Peaks above 300 relative fluorescen-
ce units (RFU) were considered true amplifications. Alleles
were grouped manually according to their size, as follows:
groups of 4 bp for Pv3.27; 7 bp for Pv1.501, and 8 bp for
Pv3.502 (38). Polyclonal infection was established when
more than one peak was observed at a locus and the height
of the minor peak was greater than 33% of the height of the
predominant peak 9.

Classification of recurrences and comparison of
parasite genotype

Recrudescence was considered when parasites were detec-
ted by TBS or qPCR between days 4 and 28 after initiating
antimalarial treatment. Relapse/reinfection was considered
when parasitemia (TBS or qPCR) was detected at any time
between days 29 and 120 after initiating treatment.

For the comparison of parasite genotypes between
isolates from the day of recurrence (detected between day
4 and 120 after initiating treatment) and those from the
primary episode (detected on the day of admission or day
1), recurrences were considered genetically homologous
when exactly the same alleles were detected in all
microsatellites at both time points (primary episode and
recurrence), and when allelic variants were detected in at

3921
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least one microsatellite, they were classified as genetically

heterologous recurrences 9.

Relative quantification of immune mediator
expression

First, total RNA extraction was performed from the leuko-
cyte pellet homogenized in TRIzol (Invitrogen), maintained
at refrigeration temperature and following the manufactur-
er’s instructions. Then, relative quantification of the expres-
sion of IL-13, IL-10, TNF-a, IFN-y, IL- 8, TGF-p, Fox-P3,
PD-L1 was performed with the commercial kit Express On-
eStep Superscript®” QRT-PCR kit (Invitrogen), on the StepO-
nePlus real-time PCR system (Applied Biosystems), with the

protocol previously reported V.

Statistical analysis

Microsoft Excel v.10 and GraphPad Prism v.8 were used
for analysis. No quantitative variable had parametric dis-
tribution, nor homogeneity of variances, according to Sha-
piro-Wilk and Levene, respectively; therefore, differences
between unpaired groups (pregnant vs. non-pregnant and
with recurrences vs. without recurrences) were evaluated
with Mann-Whitney U and between paired groups (initial
episode vs. recurrence) with Wilcoxon. Qualitative variables
were compared with Chi-square. To analyze genetic diversi-
ty, the number of alleles per locus, the predominant allele,
the percentage of polyclonal samples, and the expected het-
erozygosity (He) were calculated (He = [n/(n - 1)] [1 - Zpi2];
n, number of alleles per locus and pi, frequency of allele i in
the population). Statistical significance was always consid-
ered with p less than 0.05.

Ethical considerations

This study was considered minimum risk (Resolution 8430
of 1993) and was approved by the Bioethics Committee of
the Medical Research Institute of the Faculty of Medicine of
the Universidad de Antioquia (act 012 of August 23, 2018).

RESULTS

A total of 41 pregnant women (23 from Tierralta and 18
from Puerto Libertador) and 46 non-pregnant men and
women (31 from Tierralta and 15 from Puerto Libertador)
with uncomplicated vivax malaria, diagnosed by TBS and
confirmed by qPCR, participated in this study. Pregnant

women had an average age of 21 years (range: 14-42 years)
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Table 1. Age and parasitemia levels in the primary episode and recurrence for the cohort of pregnant and non-pregnant patients with uncomplicated

P, vivax malaria.

Pregnant (n=41)

Non-pregnant (n=46)

Variables . . p (M-W)
Min Max Med IQR Min Max Med IQR

Age (years) 14 42 19 17-23 8 84 21 14-43 0.670

Parasitemia (p/pL) in 63 33400 4180  1600-8032 720 29500 2403 1738-4815 0.296

initial episode

Parasitemia (p/pL) in 286 21782 1670 1110-4841 1150 20530 2130 1173-15348  0.753

recurrent episode

Min: minimum, Max: maximum, Med: median, p/uL: parasites/microliter, IQR: interquartile range, p (M-W): p-value from Mann-Whitney U test.

and 22% (9/41) were in the first trimester, 54% (22/41) in
the second trimester, and 24% (10/41) in the third trimes-
ter. In the non-pregnant group, 63% (29/46) were men and
37% (17/46) women, with an average age of 28 years (ran-
ge: 8-84 years). Age and parasitemia both at the time of ad-
mission and recurrence were similar between pregnant and
non-pregnant individuals (Table 1).

Among the 41 pregnant women studied, 4.9% (n=2) pre-
sented recrudescences (parasitemia detected between day
4 and 28 after initiating antimalarial treatment), while the
remaining 95.1% (n=39) were classified as therapeutic suc-
cesses (no parasitemia, nor malaria symptoms between days

4 and 28 after initiating treatment). In the non-pregnant co-

hort, 4.3% (n=2) had recrudescence and 95.7% (n=44) were
therapeutic successes.

The 120-day follow-up allowed the detection of 21 relap-
ses/ reinfections in the total of participants with therapeutic
success (n=83), that is, detection of parasitemia between days
29 and 120 after initiating treatment, for a prevalence of relap-
ses/reinfections of 25.3% (21/83). However, in the pregnant
cohort, the prevalence of relapses/ reinfections was 43.6%
(17/39), while in the non-pregnant cohort it was 9.1% (4/44).

Table 2 shows P. vivax genetic diversity data, with each
microsatellite analyzed and in each cohort studied, both in
the primary episode and in the recurrence. The following

variables showed statistically significant differences between

Table 2. Parasite genetic diversity detected with the three microsatellites in each studied cohort (pregnant and non-pregnant) and in each evaluated

episode (primary episode and recurrence).

Data per microsatellite

1.501 3.502 3.27 1.501 3.502 3.27 Median per cohort D

Primary episode (enrollment, day 1) Pregnant n=41 Non-pregnant n=46 Gestante No gestante

% amplification success 95 90 93 63 80 91 93 80 Yes
# of detected alleles 19 9 34 9 6 26 19 9 Yes
Predominant allele (bp) 106 144 336 85 144 288 - - No
% polyclonal samples 17 17 49 24 7 54 17 24 Yes
Ecpected heterozygosity (He) 0.95 0.93 0.98 0.92 0.80 0.95 0.95 0.92 No
Recurrent episode Pregnant n=19 Non-pregnant n=6 Pregnant  Non-pregnant
amplification success 95 79 95 83 83 100 95 83 Yes
# of detected alleles 8 8 23 2 3 8 8 3 Yes
Predominant allele® (bp) 120 168 288 368 85 128152168 260 288 - - No
% polyclonal samples 37 11 58 0 17 33 37 17 Yes
Expected heterozygosity (He) 0.98 0.95 0.98 0.96 1.00 0.98 0.98 0.98 No

D: statistically significant difference (p < 0.05) between pregnant and non-pregnant women evaluated with Mann-Whitney U or Chi-square tests, as appropriate for quan-

titative or qualitative variables.

*In the recurrence, there was more than one predominant allele in microsatellites Pv3.502 and Pv3.27.
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pregnant and non-pregnant individuals, both in the primary
and recurrent episode: amplification success percentage,
number of different alleles detected, and percentage of poly-
clonal infections. Furthermore, in the pregnant cohort, the
following variables showed differences between the primary
episode and the recurrence: number of different alleles de-
tected, predominant allele, and percentage of polyclonal in-
fections. In the non-pregnant cohort, significant differences
were found in the number of alleles detected, the percentage
of polyclonal infections, and the He between the primary
and recurrent episode.

Additionally, the number of alleles detected was signifi-
cantly higher in pregnant women than in non-pregnant in-
dividuals, both in the primary episode and in the recurren-
ce, and in pregnant women, furthermore, the predominant
allele detected in the primary episode was totally different
from the predominant allele detected in the recurrence; whi-
le in non-pregnant individuals, some predominant alleles
were the same between the primary episode and recurrence.
However, no allele was exclusively detected in any cohort; all
alleles were shared.

The total of malaria recurrences was more than double in
pregnant women (46%, 19/41) than in non-pregnant indivi-
duals (13%, 6/46), for a ratio of 3.5:1. In pregnant women,
recurrences were of the relapse/reinfection type in 89% of
cases (17/19) and of the recrudescence type in 11% of cases
(2/19), for a ratio of 8.1:1. While in non-pregnant indivi-
duals, recurrences were relapses/reinfections in 67% of cases
(4/6) and recrudescences in 33% of cases (2/6), for a ratio of
2:1. Additionally, recrudescences had a ratio of 1:3 between
pregnant and non-pregnant individuals (11%:33%) and re-
lapses/reinfections had a ratio of 1.3:1 between pregnant and
non-pregnant individuals (89%:67%) (Table 3).

It was not possible to compare the parasite genotype be-
tween the primary and recurrent episode in two of the 19
pregnant women with malaria recurrence (11%), because
adequate amplification of microsatellites was not obtained
in one of the two episodes. In the remaining 17 pregnant

women with recurrence, it was found that 23% had recu-

rrences homologous to the initial episode and 77% had he-
terologous recurrences. For their part, in the six recurrent
episodes detected in the non-pregnant cohort, it was found
that 33% corresponded to homologous recurrences and 67%
to heterologous recurrences. In summary, in both cohorts,
heterologous recurrences are widely predominant, but the
predominance is greater in pregnant women (3.3:1) than in
non-pregnant individuals (2:1) (Figure 1).

It was not possible to determine the expression of immu-
ne mediators in all samples, because in some cases it was not
possible to collect the sample in TRIzol or adequate amplifica-
tion could not be achieved. Table 4 shows the comparison of
immune mediator expression between the initial episode and
the recurrence of both cohorts, in the samples that were suc-
cessfully analyzed. The only immune mediator that showed
significant differences in expression between the primary epi-
sode and the recurrence was Fox-P3, and only in the pregnant
cohort, who showed significantly higher levels of Fox-P3 in
the initial episode, compared to the recurrence (Table 4).

The comparison of immune mediator expression be-
tween pregnant and non-pregnant individuals both at ad-
mission (primary episode) and at recurrence is presented in
Table 5. In summary, at admission, pregnant women showed
significantly higher levels in the expression of TNF-a, IFN-y,
IL-8,IL-13, and TGF-P than non-pregnant individuals, while
PD-L1 had higher expression in non-pregnant individuals
than in pregnant women. In the recurrent episode, TGF-p
expression was significantly higher in pregnant women than
in non-pregnant individuals, and the other immune media-
tors had similar expression in both cohorts (Table 5).

To explore the association between the profile of im-
mune mediators with the parasite genotype of the primary
episode and the recurrence, data from participants who had
complete paired information of parasite genotyping (the
three microsatellites) and immune mediators at admission
and recurrence were compared, which corresponded to only
9 of the 19 pregnant women with recurrence and 2 of the 6
non-pregnant individuals with recurrence. With this com-

parison, it was not possible to evidence any statistically sig-

Table 3. Frequency and type of malarial recurrences in the cohort of pregnant and non-pregnant women.

Type of recurrence Pregnant Non-pregnant Total 0@
Recrudescence (between days 4 and 28) 2/19 (11%) 2/6 (33%) 4 (16%) 0.184
Relapse/reinfection (between days 29 and 120) 17/19 (89%) 4/6 (67%) 21 (84%) 0.004
Total recurrences 19/41 (46%) 6/46 (13%) 25 (29%) <0.001

p (x*): p-value of the Chi-square test for the comparison between pregnant and non-pregnant women.
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A. Pregnant

Initial infection

Genetically heterologous recurrence
Genetically homologous recurrence
Genotype not evaluated

B. Non-pregnant

Y-axis: represents the number of each volunteer with recurrence. X-axis: follow-up day

Figure 1. Timing of recurrence detection and comparison of the parasite genotype between admission and recurrence in each study cohort. A. Pregnant cohort: primary
episode, not evaluated (2/19), heterologous recurrence (13/17), homologous recurrence (4/17). B. Non-pregnant cohort: primary episode, heterologous recurrence (4/6),
homologous recurrence (2/6).
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Table 4. Comparison of the relative expression of immune mediators in maternal peripheral blood between enrollment and recurrence in each studied cohort.

Pregnant (n=34)

Enrollment (n=34)

Recurrence (n=13)

Enrollment /

Mediator (RU) p (M-W)
Median IQR Median IQR recurrence
TNF-a 3.16 0.24-11 0.45 0.27-3.74 7.0 0.316
IFN-y 8.27 1.82-16 6.67 4.79-7.76 1.2 0.249
IL-8 1.33 0.60-2.70 2.28 0.10-28 0.6 0.764
1L-13 19.81 5.80-32 13.62 2.55-42 1.5 0.650
TGF-p 6.51 0.52-21 1.98 1.01-29 33 0.986
IL-10 0.17 0.07-0.70 0.1 0.03-0.52 1.7 0.199
PD-L1 0.5 0.06-4.60 1.52 0.44-18 0.3 0.090
Fox-P3 0.7 0.29-2.08 0.26 0.09-0.80 2.7 0.020
Non-pregnant (n=30)
Mediator (RU) Enrollment (n=30) Recurrence (n=2) Enrollment / o LW
Median IQR Median IQR recurrence

TNF-a 0.03 0.1-0.18 0.14 0.01-0.26 0.2 0.891
IFN-y 3.21 0.80-7.01 2.77 1.03-4.51 1.2 0.896
IL-8 2.67 1.28-5.84 3.59 0.56-6.62 0.7 0.901
IL-13 1.88 0.64-3.20 1.24 0.76-1.72 1.5 0.541
TGF-p 0.02 0.01-0.17 0.23 0.01-0.44 0.1 0.904
IL-10 - - - -

PD-L1 80.32 38-190 76.06 17.52-135 1.1 0.640
Fox-P3 0.79 0.30-1.24 2.46 0.89-4.02 0.3 0.225

IQR: interquartile range, RU: relative units of expression. Enrollment/recurrence: ratio between the median at enrollment and recurrence, p (M-W): p-value from

Mann-Whitney U test.

nificant difference in the expression of immune mediators
between those who had homologous and heterologous recu-

rrences (data not shown).

DISCUSSION

This study compared P. vivax genotypes between the primary
episode and the recurrence in the pregnant and non-preg-
nant population, and also explored the association between
those parasite genotypes with the expression of proinflam-
matory and anti-inflammatory immune mediators. The
findings showed that vivax malaria recurrences are conside-
rably more frequent in pregnant women than in non-preg-
nant individuals, 46% versus 13%, respectively. In pregnant
women, there was greater parasite genetic diversity, both in
the primary episode and in the recurrent one, as well as a
predominance of recurrences heterologous to the primary

episode. Likewise, pregnant women showed higher levels of
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proinflammatory and anti-inflammatory immune mediators
in the primary episode, and a significant decrease of Fox-P3
in the recurrence; while in non-pregnant individuals, immu-
ne mediators remained relatively stable between the initial
episode and the recurrence.

These findings confirm the high genetic diversity of P
vivax in Colombia, both in the pregnant and non-pregnant
population ®>*#>49_ Although the predominant alleles in each
microsatellite studied were not exclusive to pregnant wo-
men, predominant alleles exclusive to the primary episode
or the recurrence were found in pregnant women, which is
consistent with previous Colombian studies in non-preg-
nant individuals, which show parasite haplotypes exclusive
to recurrences .

In both cohorts, polyclonal infections were prevalent
in primary episodes and recurrences, which coincides with
previous Colombian studies in pregnant women “** and

non-pregnant individuals ®**+%9, and with international stu-
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Table 5. Comparison of the relative expression of immune mediators in peripheral blood between the cohort of pregnant and non-pregnant women
at the time of enrollment and malarial recurrence.

Enrollment (n=64)

Mediator (RU) Pregnant (n=34) Non-pregnant (n=30) Pregnant/non- p (MW)
Median IQR Median IQR pregnant
TNF-a 0.87 0.18-3.92 0.03 0.01-0.26 29 <0.001
IFN-y 8.25 6.50-9.97 3.37 0.79-7.11 24 <0.001
IL-8 5.20 1.20-9.16 1.61 0.72-2.35 32 0.006
IL-13 17.31 4.91-29 1.88 0.76-3.22 9.2 <0.001
TGF-p 422 0.27-16 0.02 0.01-0.17 210 <0.001
PD-L1 0.34 0.06-4.61 81.24 46-202 0.004 <0.000
Fox-P3 0.82 0.31-2.14 0.75 0.29-1.17 1.1 0.312
Recurrence (n=15)
Mediator (RU) Pregnant (n=13) Non-pregnant (n=2) Pregnant/non- b (VW)
Median IQR Median IQR pregnant
TNF-a 0.45 0.22-3.74 0.14 0.01-0.27 32 0.153
IFN-y 6.16 5.02-7.52 2.77 1.03-4.52 22 0.121
IL-8 0.97 0.30-4.01 3.59 0.56-6.62 0.2 0.923
IL-13 14.69 3.51-46 1.24 0.76-1.72 11.8 0.153
TGF-p 2.48 0.97-35 0.23 0.01-0.45 10.8 0.044
PD-L1 2.80 0.41-19 76.06 18-135 0.03 0.181
Fox-P3 0.25 0.08-0.89 2.46 0.89-4.02 0.1 0.102

IQR: interquartile range, RU: relative units of expression, Pregnant/non-pregnant: ratio between the median of pregnant and non-pregnant women, p (M-W): p-value from

Mann-Whitney U test.

dies that highlight that P. vivax infections have high genetic
complexity [25]. Pregnant women showed a higher frequen-
cy of polyclonal infections in the recurrence than in the ini-
tial episode, while non-pregnant individuals showed greater
polyclonality in the primary episode than in the recurrence.
This could be explained because pregnant women have a hi-
gher probability of presenting multiclonal recurrences due
to not receiving primaquine, which acts on hypnozoites.

The frequency of relapses/reinfections detected in preg-
nant women was very high (41%, 17/41), even higher than
reported in other Colombian studies: 29% with 120-day
follow-up @ and 18% to 24% with 180-day follow-up %47
The use of qPCR in addition to microscopy for infection de-
tection in this study may explain that higher frequency of
recurrences.

Heterologous recurrences were much more frequent
than homologous ones, both in pregnant women and in
non-pregnant individuals, which is consistent with the high
number of polyclonal infections detected in both cohorts
and coincides with other studies reporting that heterolo-

gous recurrences are generally polyclonal and occur in most

endemic areas “**®. These findings also agree with another
Colombian study that included P. vivax patients resident in
Turbo (endemic municipality) and Medellin (non-endemic
municipality) and reported that isolates from recurrent in-
fections were genetically different from isolates of the initial
infection @. But they contrast with another work carried
out in Turbo that reported that 93% of recurrent infections
by P. vivax were homologous ).

To our knowledge, this is the first work exploring the
association between the host immune profile with the pa-
rasite genotype in primary and recurrent episodes, both in
pregnant and non-pregnant individuals in Colombia. No
statistically significant differences were found in the level of
expression of immune mediators between initial and recu-
rrent infection, nor between homologous and heterologous
recurrences. Therefore, there was no association of the host
immune profile with plasmodial genotypes in initial and re-
current infection; but, perhaps, this is due to the small sam-
ple size available for analysis, as there are studies reporting
the existence of differences between levels of immune me-

diators in recurrence, depending on whether it is genetically
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homologous or heterologous to the initial episode ©"?2.

As a strength, the multifaceted approach to the pro-
blem in pregnant women is highlighted, having a cohort of
non-pregnant individuals as a comparison group. Similarly,
limitations such as the relatively small sample size, the low
quantity of molecular markers used, and the lack of knowle-
dge of the nutritional status of participants and their infec-
tion status with other parasites such as intestinal ones, which
are conditions that can modulate the immune response, are
accepted. However, these limitations do not invalidate the
findings of the study, since comparisons are made between
patients from the same region, who are exposed to similar
socioeconomic conditions, generally precarious as in almost
all malaria-endemic areas of the world, so it is expected that
their nutritional status and infection with intestinal parasites
would also be similar.

In conclusion, pregnant women are exposed to a high
frequency of recurrences with high genetic variation, which

may affect the development of effective protective immuni-

REFERENCES

1  Lépez-Guzmén C, Carmona-Fonseca J. Submicroscopic placental
malaria: histopathology and expression of physiological process
mediators. Rev Peru Med Exp Salud Publica 2020;37:220-8. doi:
10.17843/rpmesp.2020.372.4759.

2 Botto-Menezes C, Silva Dos Santos MC, Lopes Simplicio ], Menezes
de Medeiros J, Barroso Gomes KC, de Carvalho Costa IC, et al.
Plasmodium vivax Malaria in Pregnant Women in the Brazilian
Amazon and the Risk Factors Associated with Prematurity and Low
Birth Weight: A Descriptive Study. PLoS One 2015;10:e0144399. doi:
10.1371/journal.pone.0144399.

3 Agudelo OM, Aristizabal BH, Yanow SK, Arango E, Carmona-Fonseca
J, Maestre A. Submicroscopic infection of placenta by Plasmodium
produces Th1/Th2 cytokine imbalance, inflammation and hypoxia
in women from north-west Colombia. Malar J. 2014;13:122. doi:
10.1186/1475-2875-13-122.

4 Bardaji A, Martinez-Espinosa FE, Arévalo-Herrera M, Padilla N, Ko-
char S, Ome-Kaius M, et al. Burden and impact of Plasmodium vivax
in pregnancy: A multi-centre prospective observational study. PLoS
Negl Trop Dis. 2017;11:¢0005606. doi: 10.1371/journal.pntd.0005606.

5 Global Malaria Programme (GMP). World malaria report 2024.
Addressing inequity in the global malaria response. World Health
Organization; 2024.

6  Cardona-Arias JA, Higuita-Gutiérrez LF, Carmona-Fonseca J. Clinical
and Parasitological Profiles of Gestational, Placental and Congenital
Malaria in Northwestern Colombia. Trop Med Infect Dis 2023;8:292.
doi: 10.3390/tropicalmed8060292.

7  Carmona-Fonseca J, Arango E, Maestre A. Placental malaria in
Colombia: histopathologic findings in Plasmodium vivax and P.
falciparum infections. Am J Trop Med Hyg. 2013;88:1093-101. doi:
10.4269/ajtmh.12-0363.

8 Carmona-Fonseca ], Agudelo-Garcia O, Arango-Flérez E. Eficacia
terapéutica y eventos adversos de tratamientos para malaria vivax
y malaria falciparum en gestantes en las regiones de Urabd y Alto
San Jorge, Colombia, 2008-2011. Rev Colomb Obstet Ginecol.
2013;64:27-37.

398 |

https://doi.org/10.17843/rpmesp.2025.424.14865

ty and generate adverse maternal-neonatal outcomes. This
raises the need not only to strengthen actions for prevention
of P. vivax malaria in pregnant women, but also to optimize
antimalarial treatment and find alternatives to the hypnozoi-
ticidal regimen currently available in almost all malaria-en-

demic areas.

Acknowledgments. The authors thank the volunteers for their
participation in the study and the institutions for the financing.

Authorship contributions. All authors declare that they meet the
authorship criteria recommended by the ICMJE.

Roles according to CRediT. YYDI: conceptualization, investigation,
writing-original draft. JCF: Conceptualization, formal analysis, writing-
review and editing. EMAF: conceptualization, writing-review and editing,
supervision.

Funding. This research was funded with resources from the Ministry
of Science and Technology of Colombia (Minciencias, project code
111577757447 and contract number 755-2017), the Universidad de
Antioquia, and the Fundacién Universitaria San Martin.

Conflict of interest. None to declare.

9  Dombrowski JG, Barateiro A, Peixoto EPM, Barros ABC da S, Souza
RM de, Clark TG, et al. Adverse pregnancy outcomes are associated
with Plasmodium vivax malaria in a prospective cohort of women
from the Brazilian Amazon. PLoS Negl Trop Dis. 2021;15:¢0009390.
doi: 10.1371/journal.pntd.0009390.

10 White NJ, Imwong M. Relapse. Adv Parasitol. 2012;80:113-50. doi:
10.1016/B978-0-12-397900-1.00002-5.

11  Carmona-Fonseca]J. Recurrencias de malaria por Plasmodium vivax segtin el
uso de primaquina: andlisis de estudios descriptivos longitudinales. Rev Bras
Epidemiol. 2012;15:488-503. doi: 10.1590/51415-790X2012000300005.

12 Baird JK, Maguire JD, Price RN. Diagnosis and Treatment of Plas-
modium vivax Malaria. In: Hay SI, Price R, Baird JK, editors. Adv
Parasitol., vol. 80, Academic Press; 2012, p. 203-70. doi: 10.1016/
B978-0-12-397900-1.00004-9.

13 Carmona-Fonseca ], Maestre A. Prevention of Plasmodium vivax
malaria recurrence: efficacy of the standard total dose of primaquine
administered over 3 days. Acta Trop. 2009;112:188-92. doi: 10.1016/j.
actatropica.2009.07.024.

14 Battle KE, Karhunen MS, Bhatt S, Gething PW, Howes RE, Golding
N, et al. Geographical variation in Plasmodium vivax relapse. Malar
J. 2014;13:144. doi: 10.1186/1475-2875-13-144.

15 Markus MB. Malaria Eradication and the Hidden Parasite Reservoir.
Trends Parasitol. 2017;33:492-5. doi: 10.1016/.pt.2017.03.002.

16 Markus MB. Biological concepts in recurrent Plasmodium vivax malar-
ia. Parasitology. 2018;145:1765-71. doi: 10.1017/5003118201800032X.

17 Siegel SV, Amato R, Trimarsanto H, Sutanto E, Kleinecke M, Murie
K, et al. Lineage-informative microhaplotypes for spatio-temporal
surveillance of. medRxiv. 2023. doi: 10.1101/2023.03.13.23287179.

18 Spiegelenberg JP, Bastiaens GJH, Hassing R-J. Treatment of relaps-
ing Plasmodium vivax malaria during pregnancy. ] Travel Med.
2021;28:taab087. doi: 10.1093/jtm/taab087.

19 Global Malaria Programme (GMP), Guidelines Review Committee.
WHO guidelines for malaria. World Health Organization; 2025.

20 White NJ. Determinants of relapse periodicity in Plasmodium vivax
malaria. Malar J. 2011;10:297. doi: 10.1186/1475-2875-10-297.


https://doi.org/10.17843/rpmesp.2025.424.14865
https://www.doi.org/10.17843/rpmesp.2020.372.4759
https://www.doi.org/10.1371/journal.pntd.0005606
https://www.doi.org/10.3390/tropicalmed8060292
https://www.doi.org/10.4269/ajtmh.12-0363
https://www.doi.org/10.1590/S1415-790X2012000300005
https://www.doi.org/10.1016/B978-0-12-397900-1.00004-9
https://www.doi.org/10.1016/B978-0-12-397900-1.00004-9
https://www.doi.org/10.1016/j.actatropica.2009.07.024
https://www.doi.org/10.1016/j.actatropica.2009.07.024
https://www.doi.org/10.1016/j.pt.2017.03.002

REV PERU MED EXP SALUD PUBLICA. 2025;42(4):389-99.

Duque-Isaza et al.

21

22

23

24

25

26

27

28

Maneerattanasak S, Gosi P, Krudsood S, Chimma P, Tongshoob J,
Mahakunkijcharoen Y, et al. Molecular and immunological analyses
of confirmed Plasmodium vivax relapse episodes. Malar J. 2017;16:228.
doi: 10.1186/s12936-017-1877-x.

Chaves YO, da Costa AG, Pereira MLM, de Lacerda MVG, Coelho-
Dos-Reis JG, Martins-Filho OA, et al. Inmune response pattern
in recurrent Plasmodium vivax malaria. Malar J. 2016;15:445. doi:
10.1186/512936-016-1501-5.

Hojo-Souza NS, Pereira DB, Passos LS, Gazzinelli-Guimaraes PH,
Cardoso MS, Tada MS, et al. Phenotypic profiling of CD8(+) T cells
during Plasmodium vivax blood-stage infection. BMC Infect Dis.
2015;15:35. doi: 10.1186/s12879-015-0762-x.

Neafsey DE, Galinsky K, Jiang RH, Young L, Sykes SM, Saif S, et
al. The malaria parasite Plasmodium vivax exhibits greater genetic
diversity than Plasmodium falciparum. Nat Genet. 2012;44:1046-50.
doi: 10.1038/ng.2373.

Fola AA, Harrison GLA, Hazairin MH, Barnadas C, Hetzel MW,
Iga ], et al. Higher Complexity of Infection and Genetic Diversity of
Plasmodium vivax Than Plasmodium falciparum across all Malaria
Transmission Zones of Papua New Guinea. Am ] Trop Med Hyg.
2017;96:630-41. doi: 10.4269/ajtmh.16-0716.

Imwong M, Boel ME, Pagornrat W, Pimanpanarak M, McGready
R, Day NP, et al. The first Plasmodium vivax relapses of life are
usually genetically homologous. ] Infect Dis. 2012;205:680-3. doi:
10.1093/infdis/jir806.

Gonzalez-Ceron L, Mu J, Santillin E, Joy D, Sandoval MA, Camas G,
et al. Molecular and epidemiological characterization of Plasmodi-
um vivax recurrent infections in southern Mexico. Parasit Vectors.
2013;6:109. doi: 10.1186/1756-3305-6-109.

Zuluaga-Idérraga L, Blair S, Akinyi Okoth S, Udhayakumar V, Marcet
PL, Escalante AA, et al. Prospective Study of Plasmodium vivax
Malaria Recurrence after Radical Treatment with a Chloroquine-Pri-
magquine Standard Regimen in Turbo, Colombia. Antimicrob Agents
Chemother. 2016;60:4610-9. doi: 10.1128/AAC.00186-16.

29 Restrepo E, Imwong M, Rojas W, Carmona-Fonseca ], Maestre A. High

30

31

32

33

34

genetic polymorphism of relapsing P. vivax isolates in northwest Colom-
bia. Acta Trop. 2011;119:23-9. doi: 10.1016/j.actatropica.2011.03.012.
Mor G, Cardenas I. The Immune System in Pregnancy: A Unique
Complexity. Am J Reprod Immunol N Y N. 1989 2010;63:425-33.
doi: 10.1111/j.1600-0897.2010.00836.x.

Carmona-Fonseca J. La Regién “Uraba Antioquefio-Cuencas altas
de los rios Sina y San Jorge-Bajo Cauca Antioquefio”: “guarida”
del paludismo colombiano. Rev Univ Ind Santander Salud Online.
2017;49:577-89.

Olivera MJ, Padilla Rodriguez JC, Narvaez PEC, Quevedo WL. Epi-
demiology of Plasmodium vivax malaria infection in Colombia. The
Microbe. 2024;5:100209. doi: 10.1016/j.microb.2024.100209.
Castro-Cavadia CJ, Carmona-Fonseca J. Assessment of the efficacy
and safety of chloroquine monotherapy for the treatment of acute
uncomplicated gestational malaria caused by P. vivax, Cérdoba, Co-
lombia, 2015-2017. Rev Colomb Obstet Ginecol. 2020;71:21-33. doi:
10.18597/rcog.3370.

Organizacion Mundial de la Salud. Bases del diagnéstico microscopico
del paludismo: Partel. Guia del alumno. 2nd ed. Switzerland: World
Health Organization; 2015.

35

36

37

38

39

40

41

42

43

45

46

47

48

Shokoples SE, Ndao M, Kowalewska-Grochowska K, Yanow SK.
Multiplexed real-time PCR assay for discrimination of Plasmodium
species with improved sensitivity for mixed infections. J Clin Micro-
biol. 2009;47:975-80. doi: 10.1128/JCM.01858-08.

Plowe CV, Djimde A, Bouare M, Doumbo O, Wellems TE. Pyrimeth-
amine and proguanil resistance-conferring mutations in Plasmodium
falciparum dihydrofolate reductase: polymerase chain reaction meth-
ods for surveillance in Africa. Am ] Trop Med Hyg. 1995;52:565-8.
Koepfli C, Mueller I, Marfurt J, Goroti M, Sie A, Oa O, et al. Evaluation
of Plasmodium vivax genotyping markers for molecular monitoring
in clinical trials. ] Infect Dis. 2009;199:1074-80. doi: 10.1086/597303.
Koepfli C, Timinao L, Antao T, Barry AE, Siba P, Mueller I, et al. A Large
Plasmodium vivax Reservoir and Little Population Structure in the South
Pacific. PLoS One. 2013;8(6):¢66041. doi: 10.1371/journal.pone.0066041.
Imwong M, Nair S, Pukrittayakamee S, Sudimack D, Williams JT,
Mayxay M, et al. Contrasting genetic structure in Plasmodium
vivax populations from Asia and South America. Int ] Parasitol.
2007;37:1013-22. doi: 10.1016/j.ijpara.2007.02.010.

Imwong M, Snounou G, Pukrittayakamee S, Tanomsing N, Kim
JR, Nandy A, et al. Relapses of Plasmodium vivax infection usually
result from activation of heterologous hypnozoites. J Infect Dis.
2007;195:927-33. doi: 10.1086/512241.

Alvarez-Larrotta C, Agudelo OM, Duque Y, Gavina K, Yanow SK, Mae-
stre A, et al. Submicroscopic Plasmodium infection during pregnancy
is associated with reduced antibody levels to tetanus toxoid. Clin Exp
Immunol. 2019;195:96-108. doi: 10.1111/cei.13213.

Cristiano FA, Pérez MA, Nicholls RS, Guerra AP. Polymorphism in
the Plasmodium vivax msp 3: gene in field samples from Tierralta,
Colombia. Mem Inst Oswaldo Cruz. 2008;103:493-6. doi: 10.1590/
50074-02762008000500015.

Winter DJ, Pacheco MA, Vallejo AF, Schwartz RS, Arevalo-Herrera M,
Herrera S, et al. Whole Genome Sequencing of Field Isolates Reveals
Extensive Genetic Diversity in Plasmodium vivax from Colombia. PLoS
Negl Trop Dis. 2015;9:¢0004252. doi: 10.1371/journal.pntd.0004252.
Arango EM, Samuel R, Agudelo OM, Carmona-Fonseca ], Maestre A,
Yanow SK. Genotype comparison of Plasmodium vivax and Plasmodium
falciparum clones from pregnant and non-pregnant populations in North-
west Colombia. Malar J. 2012;11:392. doi: 10.1186/1475-2875-11-392.
Pacheco MA, Schneider KA, Céspedes N, Herrera S, Arévalo-Herrera
M, Escalante AA. Limited differentiation among Plasmodium vivax
populations from the northwest and to the south Pacific Coast of Co-
lombia: A malaria corridor?. PLoS Negl Trop Dis. 2019;13:e0007310.
doi: 10.1371/journal.pntd.0007310.

Menegon M, Bardaji A, Martinez-Espinosa , Botto-Menezes C, Ome-Kai-
us M, Mueller I, et al. Microsatellite Genotyping of Plasmodium vivax
Isolates from Pregnant Women in Four Malaria Endemic Countries. PLoS
One 2016;11:¢0152447. doi: 10.1371/journal.pone.0152447.

Alvarez G, Pifieros JG, Tobén A, Rios A, Maestre A, Blair S, et al.
Efficacy of three chloroquine-primaquine regimens for treatment
of Plasmodium vivax malaria in Colombia. Am J Trop Med Hyg
2006;75:605-9.

de Araujo FC, de Rezende AM, Fontes CJ, Carvalho LH, Alves de Brito
CE. Multiple-clone activation of hypnozoites is the leading cause of
relapse in Plasmodium vivax infection. PLoS One. 2012;7:¢49871. doi:
10.1371/journal.pone.0049871.

https://doi.org/10.17843/rpmesp.2025.424.14865

1399


https://doi.org/10.17843/rpmesp.2025.424.14865
https://www.doi.org/10.1186/s12879-015-0762-x
https://www.doi.org/10.1016/j.actatropica.2011.03.012
https://www.doi.org/10.1111/j.1600-0897.2010.00836.x
https://www.doi.org/10.1128/JCM.01858-08
https://www.doi.org/10.1371/journal.pone.0066041
https://www.doi.org/10.1016/j.ijpara.2007.02.010
https://www.doi.org/10.1086/512241
https://www.doi.org/10.1590/s0074-02762008000500015
https://www.doi.org/10.1590/s0074-02762008000500015
https://www.doi.org/10.1371/journal.pntd.0004252
https://www.doi.org/10.1371/journal.pntd.0007310
https://www.doi.org/10.1371/journal.pone.0049871

