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Background. Malaria in pregnancy (MiP) has been associated with adverse pregnancy outcomes. There is limited information on
MiP in low transmission regions as Colombia. This study aimed to describe the epidemiology of MiP through active surveillance
of infections by microscopy and polymerase chain reaction (PCR). Methods. A cross-sectional study was conducted between
May 2016 and January 2017 in five municipalities (Apartadd, Turbo, El Bagre, Quibdo, and Tumaco) in Colombia. Pregnant
women self-presenting at health centers for antenatal care visits, seeking medical care for suspected malaria, or delivery, were
enrolled. Diagnosis of Plasmodium spp was made in peripheral and placental blood samples by microscopy and PCR. Results. A
total of 787 pregnant women were enrolled; plasmodial infection was diagnosed by microscopy in 4.2% (95% CI 2.8-5.6; 33/787)
or by nPCR in 5.3% (95% CI 3.8-6.9; 42/787) in peripheral blood. Most of the infections were caused by P. falciparum (78.5%),
and 46% were afebrile (asymptomatic). Women in the first and second trimester of pregnancy were more likely to be infected
(aOR =3.06, 95%CI=1.6 - 5.8). To live in the urban/peri-urban area (aOR =3.04, 95%CI=1.4 - 6.56), to have a history of
malaria during last year (aOR = 5.45, 95%IC = 2.16 — 13.75), and the infrequent bed net usage (aOR =2.8, 95%CI =1.31 - 5.97)
were associated with the infection. Pregnant infected women had a higher risk of anaemia (aOR =2.18, 95%CI =1.15 — 4.12)
and fever (aOR =14.2, 95%CI = 6.89 — 29.8). Conclusion. The screening for malaria during antenatal care in endemic areas of
Colombia is highly recommended due to the potential adverse effects of Plasmodium spp. infection in pregnancy and as an
important activity for the surveillance of asymptomatic infections in the control of malaria.

1. Background

In the Americas region, where malaria transmission is low
and unstable, 3 million pregnancies are at risk of infection
with Plasmodium falciparum and 2.9 million with Plasmo-
dium vivax [1]. Although the burden of malaria in pregnancy
(MiP) is lower compared to high transmission areas, such as
countries in sub-Saharan Africa, the infection is associated

with adverse outcomes like maternal anaemia (MA), still-
birth, and low birth weight (LBW) caused by preterm birth
or fetal growth restriction [2-4]. The epidemiology and clin-
ical impact of MiP have been well documented in sub-
Saharan Africa, where the prevalence of P. falciparum is
higher in primigravidae than multigravidae women. During
successive pregnancies, most of the infections became
asymptomatic, due to antidisease immunity acquired from
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previous exposures [3, 4]. However, subclinical infections are
also associated with MA [5, 6]. MiP has been poorly charac-
terized in low transmission settings, mainly in Latin America,
where primigravidae and multigravidae mothers are suscep-
tible to infection due low levels of protective immunity to
malaria [4].

A large proportion of asymptomatic infections are associ-
ated with low-density parasitaemias, which are difficult to
detect by microscopy but are detected by molecular test as
the polymerase chain reaction (PCR) [7]. Malaria infections
in pregnancy, even asymptomatic and submicroscopic
(defined as those infections detected by molecular test but
not by microscopy), could be detrimental to mother, fetus,
and newborn health; besides, these infections represent an
import reservoir of gametocytes, which can contribute to sus-
taining malaria transmission [8].

The malaria transmission in Colombia is focal and var-
iable throughout the endemic regions; the most affected
municipalities are located at the Pacific coast, and the
transmission is predominantly rural; although, 10% of the
municipalities have a risk of peri-urban transmission [9].
There is little information on malaria infection in preg-
nancy; therefore, this study aimed to determine the fre-
quency of Plasmodium spp infection during pregnancy in
five malaria-endemic municipalities of Colombia by
microscopy and PCR. We also described clinical character-
istics of mothers and newborns and explored the associa-
tion of socio-demographic and epidemiological factors to
infection, in order to better characterize the epidemiology
of MiP in the Americas.

2. Methods

2.1. Study Design and Study Areas. A cross-sectional study
was conducted between May 2016 and September 2017, in
five municipalities from three departments in Colombia, with
different annual parasite index (API) [number of cases/1.000
habitants]. The study locations were selected based on the
number of cases reported during previous years by the
National Institute of Health in Colombia [10].

2.1.1. Antioquia. The municipalities of Apartad6, Turbo, and
El Bagre were included in the study; the transmission of
malaria is in rural areas. Apartadd is located in the Uraba
region (7.8828" N, 76.6247° W), API of 1.0 in 2017 (moder-
ated risk), P. vivax caused 90% of cases. Turbo is located in
the Uraba region (8.0926° N 76.7282° W), API of 1.2 in
2017 (moderated risk), P. vivax caused 78% of cases. El
Bagre is located in the Bajo Cauca region (7.6014° N,
74.8053° W), API of 252 in 2016 (high risk), P. vivax
caused 70% of cases.

2.1.2. Chocé. The municipality of Quibdo is located in the
Pacific region (5.6956° N, 76.6498° W), API of 100.8 in
2016 (high risk), P. falciparum caused 70% of cases. There
is malaria transmission in rural and peri-urban settings.

2.1.3. Narifio. Tumaco is located on the Pacific coast (1.7874°
N, 78.7913° W), API of 16 in 2016 (high risk), P. falciparum

Infectious Diseases in Obstetrics and Gynecology

caused 90% of cases. There is malaria transmission in rural
and peri-urban settings.

2.2. Study Population. Pregnant women, self-presenting at
health centers for antenatal care (ANC) visits, were seeking
medical care for suspected malaria or delivery. Each partici-
pant was enrolled only once, in one of the two study groups
(ANC or delivery).

2.3. Sample Size. Sample size was calculated for a proportion
assuming an unknown population size, using the following
equation: n = (Z2pq)/d2, where n is the sample size, N is
the population size, Z is the confidence level, p is the expected
proportion of MiP, g is the proportion of the population
without MiP (1-p), and d is the margin of error. An expected
prevalence of MiP of 4% was assumed, according to previ-
ous data from studies performed among different regions in
South America [11-14]. A confidence interval of 95% and
an error of 1.5% were used for the calculation; the mini-
mum sample size calculated was 656 pregnant women.
The sample size was distributed proportionally to the three
main regions (Antioquia, Chocd, and Narifio) and ANC or
at delivery groups.

To obtain the expected prevalence of MiP detected by
microscopy, data from 10 reports of seven countries of Latin
America were reviewed [11-20]. The highest frequency of
MiP was observed in Colombia (10%), Peru (15%), and Ven-
ezuela (27%) in studies performed between 2002 and 2006;
however, in the most recent four studies with a methodolog-
ical design similar to the present study and conducted
between 2004 and 2013, the mean of MiP prevalence was
4.7% and the median was 4% [11-14].

Inclusion criteria were the following: aged >15 years old,
at any gestational age, resident in areas of the municipality
with malaria transmission, and without previous antimalarial
drug intake in the past 48 hours. When pregnant women
resulted positive by microscopy, samples were taken before
the treatment. Eligible pregnant women were enrolled after
gave their written informed consent. All women diagnosed
with malaria by microscopy were treated, according to the
Colombian Ministry of Health recommendations [21].

2.4. Ethics. The study protocol and informed consent form
were reviewed and approved by the Ethics Committee of
the School of Medicine, Universidad de Antioquia (Record
005 of 31-03-2016). For women younger than 18 years
old, informed assent was obtained from the parents or
legal guardian.

2.5. Data and Sample Collection. Socio-demographic, repro-
ductive history, and clinical information were recorded using
an interview-based questionnaire. Axillary temperature was
measured using a digital thermometer. A total of 8 mL of
peripheral blood was collected by venipuncture using hepa-
rin tubes. When the participants were enrolled at delivery,
new-born data were recorded, and 8 mL of placental blood
was collected. Briefly, a small incision was made on the
maternal side of the placenta, near the cord insertion area,
placental blood accumulated at the place of insertion was col-
lected by aspiration. Blood samples were processed
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immediately at the hospital’s laboratory. Hemoglobin was
measured by HemoCue AB® (Reference 201+, Sweden).
Thick and thin blood smears were prepared from fresh blood,
and PCR was performed from blood spotted on Whatman
filter paper #3 (Fisher, Ref 1003-917).

2.6. Test Procedures

2.6.1. Microscopy. A qualified malaria microscopist read
Field-stained thick and thin blood slides, following the
national guidelines [18]. A thick smear was considered nega-
tive if, after examination of 200 microscopic fields at 100x
magnification, no parasites were found. For positive smears,
parasite density was calculated by counting the number of
parasites per 200 leukocytes (8,000 leukocytes/uL, standard
value) and was expressed as parasites/uL (p/uL). P. falci-
parum parasitaemia was calculated by counting ring forms,
while P. vivax parasitaemia was calculated by counting all
asexual forms (rings, trophozoites, and schizonts) and
gametocytes. The gametocitaemia was calculated by count-
ing the number of gametocytes of P. falciparum and P.
vivax in 200 leukocytes and was expressed as gametocy-
tes/uL (g/uL). As a quality control, a second reading was
performed in all PCR positive samples and 10% of PCR
negative samples.

2.6.2. Nested PCR. DNA was extracted from half blood-spot
filter (approximately 30 uL of blood) using QIAamp DNA
Mini Kit (Qiagen, Germany, Ref 51306), according to manu-
facturer’s instructions. The nPCR was performed as a two-
step procedure, using 2 uL of DNA template and following
the protocol described by Singh et al. 1999 [22], performing
a first reaction to amplify the 18S ribosomal gene of Plasmo-
dium genus (nest 1). Amplicons obtained from the first
round of amplification were further processed in three sepa-
rated reactions, using species-specific primers, to detect the
18S ribosomal gene of P. falciparum, P. vivax, and Plasmo-
dium malariae (nest 2). Amplified products were revealed
in a 1.5% agarose gel stained with GelRed ™ (Biotium, ref.
41003, United States). The sequences of primers used in the
nPCR are shown in the supplementary table 1. The limit of
detection of the nPCR used in the study was 1 parasite/uL
and was estimated using in vitro cultures of P. falciparum,
preparing several dilutions with parasites densities ranging
from 0.09 to 1000 parasites by microliter; DNA was
extracted and PCR performed.

2.7. Definitions. Submicroscopic infections are Plasmodium
spp infection detected by nPCR but not by microscopy.
Febrile infections are plasmodial infections detected by any
method in the presence of fever (axillary temperature
>37.5°C) or history of fever in the last three days; this defini-
tion was used as a reference to symptomatic infections. Afe-
brile infections are infections detected by any method in
pregnant women without fever or history of fever in the last
three days; this definition was used as a reference to asymp-
tomatic infections. Anaemia is define as hemoglobin level
<11g/dL, mild (10.0-10.9g/dL), moderate (7.0-9.9g/dL)
and severe (<6.9g/dL), according to WHO guidelines [23].
LBW indicates a birth weight under 2500 gr. Small for gesta-

tional age (SGA) indicates neonates with a birth weight lower
than the percentile ten for their age. Delivery preterm indi-
cates neonates delivered before 37 weeks [4].

2.8. Statistical Analysis. The information was entered into an
Access® database. Descriptive analysis was performed to
summarize the baseline characteristics, using proportions
and median (interquartile range—IQR). The proportion
and its 95% confidence interval (CI) of infections detected
by microscopy and nPCR were calculated. Chi-square test
was used to compare the frequency of MiP and anaemia
between ANC and delivery groups. The association of
potential risk factors with MiP was analysed using a binary
logistic regression. Crude and adjusted odds ratio (OR and
aOR) and their 95% CI were calculated. The associated fac-
tors were selected based on the biological plausibility and a
p value <0.25 in the bivariate analysis [24]. Additional anal-
ysis was carried out among malaria positive pregnant
women comparing febrile and afebrile infection; chi-
square test or Mann-Whitney U test was used. All analyses
were carried out using SPSS-v25 software. p values <0.05
were considered significant.

3. Results

A total of 787 pregnant women were enrolled: 289 (37%) in
Antioquia, 242 (31%) in Chocd, and 256 (32%) in Tumaco
(Supplementary table 2). Overall, 58% (458/787) of
participants were recruited during ANC and 42% (329/787)
at delivery. The median age (IQR) of pregnant women was
23 years (20-28), and 39.4% were primigravidae. Most
pregnant women were married (>80%) and had some level
of formal education (63% secondary level, and 27.7%
primary level). Study participants had attended a median
(IQR) of four (2-6) ANC visits. Anaemia was found in
39.5% (302/786) and was more frequent at delivery
compared to the ANC group (45.5% vs. 35.4%, p =0.005).
Other baseline characteristics are shown in Table 1.

3.1. Frequency of Infection among Pregnant Women. A total
of 46/787 (5.8%; 95% CI 4.2-7.5) of pregnant women were
infected by Plasmodium spp detected by nPCR (either in
peripheral or placental blood compartments). The overall
frequency of parasite presence in peripheral blood was 4.2%
(95% CI 2.8-5.6; 33/787) by microscopy and 5.3% (95% CI
3.8-6.9; 42/787) by nPCR (Table 2). The frequency of infec-
tion was significantly higher in the ANC group than in the
delivery group, when detected by microscopy (7.2% vs. 0%,
P <0.001), and nPCR (8.1% vs. 4.5%, p < 0.001). All periph-
eral blood samples positives for Plasmodium infection by
microscopy were also positive by nPCR, and 9 (1.2%) with
negative smear were positive by nPCR (i.e., submicroscopic
infections). Most infections were caused by P. falciparum
(79%, 33/42).

The median of parasite density by microscopy (n=33)
was 2480 parasites/uL (IQR 1130-4018); 1952 parasites/uL
for P. falciparum mono-infection (n =26) and 6180 parasi-
tes/uL for P. vivax mono-infection (n =6). A total of 40.7%
(11/27) of pregnant women with microscopic infection by
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TaBLE 1: Baseline characteristics of pregnant women enrolled.

ANC (n =458) Delivery (n = 329) Total (n =787)
Age (years): median (IQR) 23 (19.0-28.0) 24.0 (21.0-28.0) 23 (20.0-28.0)
<20 years old: n (%) 159 (34.7) 71 (21.6) 230 (29.2)
Rural residence: n (%) 227 (51.6) 165 (50.6) 392 (51.2)
Head of household: n (%) 45 (10.3) 40 (12.4) 85 (11.2)
Gestational age (weeks): median (IQR) 20 (13.0-27.0) 38 (37.0-39.0) 30 (17.0-38.0)
Gravidity: median (IQR) 1 (0.0-2.0) 1 (0.0-1.0) 1 (0.0-2.0)
Primigravidae: n (%) 153 (33.4) 149 (48.4) 302 (39.4)
# ANC visits: median (IQR) 3 (1.0-4.0) 6 (5.0-7.0) 4 (2.0-6.0)
Hemoglobin (g/dL): median (IQR) 11.5 (10.3-12.1) 11.4 (9.1-13.0) 11.5 (10.0-12.4)
Anaemia: 1 (%) 162 (35.4) 140 (45.5) 302 (39.5)
Fever/history of fever 48 h: n (%) 34 (8.5) 28 (8.8) 62 (8.7)
Malaria history (self-report): n (%)
Malaria during last year 22 (4.8) 17 (5.2) 39 (5.0)
Malaria in the current pregnancy 20 (4.4) 11 (3.6) 32 (4.1)
Use of bed net: n (%)
Always 226 (49.8) 137 (44.8) 363 (47.8)
Most of the time 49 (10.8) 34 (11.1) 83 (10.9)
Some times 59 (13) 94 (30.7) 153 (20.1)
Never 120 (26.4) 41 (13.4) 161 (21.2)

ANC: antenatal care; IQR: interquartile range; n: sample size.

TaBLE 2: Frequency of infection among pregnant women attending antenatal clinics and delivery units.

Infection in peripheral blood

Infection in placental blood

Total ANC Delivery
(n=787) (n = 458) (n=329) (n=329)

Microscopy: n (%) 33 (4.2) 33(7.2) 0 (0) 2 (0.6)
P. falciparum 26 (3.3) 26 (5.7) 0 (0) 2 (0.6)
P. vivax 6 (0.8) 6 (1.3) 0 (0) 0 (0)
Mixed P.F and P.V 1(0.1) 1(0.2) 0 (0) 0(0)
nPCR: 7 (%) 42 (5.3)* 37 (8.1) 5(1.5) 9(2.7)
P. falciparum 33 (4.2) 28 (6.1) 5(1.5) 8 (2.4)
P. vivax 6 (0.8) 6 (1.3) 0 (0) 1(0.3)
P. malarie 1(0.1) 1(0.2) 0 (0) 0 (0)
Mixed P.F and P.V 2(0.2) 2 (0.4) 0 (0) 0 (0)
Submicroscopic infections: n (%) 9(1.1) 4(0.9) 5(1.5) 7 (2.1)
Parasitaemia

Median 2480 180
(IQR) (1130-4018) (n.a)

IQR: interquartile range; SD: standard deviation; n (sample size). * A total of 46 infected pregnant women were detected; 42 were positive in peripheral blood by
nPCR; and 9 were positive in placental blood, from those 5 were also positive in peripheral blood.

P. falciparum had gametocytes with a median (IQR) of 32
gametocytes/uL (24-88), while a total of 87.5% (7/8) of preg-
nant women with microscopic infection by P. vivax had
gametocytes with a median (IQR) of 328 gametocytes/uL
(120-1000).

Placental infection was detected in 2 out of 239 (0.6%;
95% CI 0-1.4) of placental samples using microscopy and
9 out of 329 (2.7%; 95% CI 1-4.5) using nPCR, from those

eight were caused by P. falciparum and one by P. vivax.
Among nine pregnant women with placental infection by
nPCR, five were also positive in peripheral blood and four
only in the placenta.

3.2. Socio-Demographic and Obstetric Characteristics among
Infected Pregnant Women. Maternal age, marital status, edu-
cation level, socioeconomic status, and occupational exposure
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TABLE 3: Socio-demographic and obstetric characteristics of infected pregnant women.
Infected (n = 46) No-infected (n =741) OR** 95% IC

Socio-demographic characteristics*

Age (years) 25.5 (19.7-28.2) 23 (20.0-28.0) 1.03 0.98-1.08

<20 years old: n (%) 13 (28.3) 217 (29.3) 0.95 0.49-1.84

Head of household: 7 (%) 38 (82.6) 615 (84.8) 1.07 0.41-2.81

# people/house 4.5 (4.0-5.0) 4 (3.0-6.0) 0.916 0.73-1.15

Socioeconomic stratum <1: n (%) 46 (100) 675 (98.8) ND ND

Occupational exposure to mosquito bite: n (%) 2 (4.4) 17 (2.4) 1.87 0.42-8.36
Residence area: n (%)

Rural 9 (20.0) 351 (48.7) 1

Urban and peri-urban 36 (80.0) 370 (51.3) 3.79 1.80-7.99

Water service: n (%) 23 (50.0) 268 (36.3) 0.57 0.31-1.03

Water bodies around the home: n (%) 25 (54.3) 398 (54.5) 0.99 0.55-1.81
Obstetric characteristics

Gestational age (weeks) 20 (16.00-32.75) 32 (18.0-38.0) 0.96 0.94-0.99
Trimester: n (%)

First 9 (19.6) 101 (13.7) 2.43 1.04-5.65

Second 21 (45.7) 201 (27.2) 2.85 1.45-5.57

Third 16 (34.8) 436 (59.1) 1

# previous pregnancies 1 (0.0-2.0) 1 (0.0-2.0) 1.01 0.84-1.23

Primigravidae: n (%) 18 (39.1) 284 (38.3) 1.03 0.56-1.90
# ANC visits 3 (2.0-5.0) 4 (2.0-6.0) 0.85 0.73-0.99
Malaria related characteristics (self-report)

Living years in the area 20 (6.0-27.2) 19 (5.0-23.0) 1.02 0.99-1.05

Malaria during last year: n (%) 7 (15.2) 32 (4.3) 3.97 1.65-9.56

Malaria in the current pregnancy: n (%) 12 (26.1) 20 (2.7) 12.71 5.74-28.11

Malaria in a cohabitant (last 6 months): n (%) 15 (34.9) 95 (13.5) 3.40 1.75-6.60
Use of bed net: n (%)

Always 16 (34.8) 362 (49.3)

Most of the time 8 (17.4) 75 (10.2) 2.41 1.00-5.84

Some times 16 (34.8) 140 (19) 2.57 1.26-5.31

Never 6 (13) 158 (21.5) 0.86 0.33-2.24

IQR: interquartile range; CI95: confidence Interval of 95%; n (sample size). *Binary logistic regression. Maternal infections were considered if nPCR was

positive by Plasmodium spp in peripheral blood or placental blood (at delivery).

to mosquito bites were similar between infected and nonin-
fected pregnant women (Table 3). Most of the infected preg-
nant women were living in the urban/peri-urban area of the
municipalities, at the lower socioeconomic status, and around
half of them had water bodies around their homes. Living in
urban/peri-urban was associated with being infected
(Tables 3, OR 3.79, 95% CI 1.80-7.99).

The proportion of primigravidae was similar between
infected and noninfected pregnant women (39.1% vs.
38.3%). Gestational age and being in the first and second tri-
mester were associated with infection (Table 3). Among
infected women, 15% (7/46) self-reported history of previous
malaria episodes during last year was compared to 4.3%
(32/741) in uninfected women (OR 3.97, 95%CI=1.6 — 9.6
). The proportion of participants with self-reported malaria
during the current pregnancy was also higher in infected
than uninfected women (OR 12.7, 95%CI=5.7 —28.1).

Related to prevention activities, the usage of bed nets some-
times was associated with infection (Table 3).

3.3. Anaemia, Fever, and Birth Outcomes. Infected pregnant
women had lower hemoglobin levels than uninfected women
(Table 4). Infection was associated with two-fold increased
odds of having anaemia (aOR =2.18, 95%CI =1.15-4.12)
and fourteen-fold increased odds of having fever or history
of fever (aOR =14.2, 95%CI =6.89 —29.8) (Table 5). The
median of the birth weight was lower in the neonates from
infected pregnant women compared to no-infected (2500 g
vs. 3200g, p=0.009), and the proportion of neonates
small for gestational age (SGA) was higher in the infected
pregnant women.

3.4. Factors Associated with Plasmodium spp Infection in
Pregnancy. Being in the first or second trimester
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TaBLE 4: Clinical characteristics of infected pregnant women and birth outcomes.

Clinical characteristics Infected (n = 46) No-infected (n = 741) OR* 1C95
Axillary temperature (°C) 37 (36.6-37.6) 36.7 (36.3-37) 5.06 2.85-8.98
Fever/history of fever 48 h: n (%) 25 (54.3) 42 (5.7) 12.77 6.50-25.11
Hemoglobin (g/dL) 10.6 (9.35-12.0) 11.6 (10.0-12.5) 8.83 0.70-0.99
Anaemia: 1 (%) 25 (55.6) 282 (31.1) 2.03 1.11-3.73
Category of anaemia: 1 (%)

Severe 0 4 (1.4) ND ND
Moderate 8 (32.0) 75 (26.6) 127 0.53-3.07
Mild 17 (68.0) 203 (72.0) 1

Neonatal health (n =329) n=9 n=320

Gestational age at delivery 38 (37.0-38.0) 38 (37.0-39.0)

Preterm birth: n (%) 0 (0) 29 (9.2)

Weight (g)XI 2500 (2800-2930) 3200 (2845-3500)

LBW: 1 (%) 2 (22.2) 19 (6.0)

SGA: 1 (%) 2(22.2) 15 (4.8)

IQR: interquartile range; CI95: confidence interval of 95%; n: sample size; OR: odds ratio; LBW: low birth weight; SGA: small for gestational age. *Quantitative
data are described in median (IQR) and qualitative data in number (%). **Binary logistic regression. ®Man U test (p=0.009). Maternal infections were
considered if nPCR was positive by Plasmodium spp in peripheral blood or placental blood (at delivery).

(aOR =3.06, 95%CI =1.6 — 5.8), to live in the urban/peri-
urban area (aOR = 3.04, 95%CI = 1.4 — 6.56), to have history
of malaria during last year (aOR =5.45, 95%CI=2.16 -
13.75), history of malaria in a cohabitant (aOR =3.22, 95%
CI=1.46-7.12), and the infrequent usage of bed net
(aOR =2.8,95%CI = 1.31 — 5.97) were associated with infec-
tion (Table 5).

3.5. Afebrile Infections. The frequency of afebrile (asymptom-
atic) infections was 46% (21/46). The characteristics of afe-
brile and febrile infections are shown in Table 6. The
median parasite density was significantly lower in afebrile
infected pregnant women than in febrile (1410 vs. 3235
parasites/uL); also, the proportion of submicroscopic infec-
tions were higher in afebrile as compared with febrile
women (Table 6).

4. Discussion

The frequency of malaria among pregnant women attending
ANCs and delivering at the study site hospitals was 4.2%
detected by microscopy. The infection during pregnancy
was associated with negative consequences for maternal
health like anaemia that may have a negative impact on neo-
natal health. Importantly, most asymptomatic infections
were undetected with microscopic examination, which is
the routine test used to diagnose malaria in Colombia. Addi-
tionally, 40% of P. falciparum infections had gametocytes,
and most of them were asymptomatic.

Less is known about the burden and impact of infection
in low transmission scenarios, particularly in the Americas
where P. vivax infections are most frequent. In this region,
there was an incidence of MiP of 94 cases/100.000 pregnant
women in 2014, which varies among countries [25]. The
prevalence of infection measured by microscopy ranged
from 0.3% to 27% in countries from South America, with

variations between the periods of time [11-14, 17-20, 26-
29]. The highest prevalence was observed in Colombia
(13%) and Venezuela (27%) during 2005-2006 [19, 20].
However, recent studies in Brazil and Colombia, including
the current survey, indicated a decrease in the prevalence
of infection (less than 5%), that correlates with the general
reduction of cases in the region during the last years, and
which could be associated to several malaria preventive
and control measures adopted [27].

In Colombia, MiP has been mainly studied in the north-
west region of the country during 2005-2011, detecting a
prevalence ranged between 1 and 13%; most of the cases were
caused by P. vivax [12, 19, 28]. In those studies, MiP was
associated with complicated malaria [30], low birth weight,
and prematurity [31]. There are no data of MiP in other
endemic areas in Colombia, as the Pacific region, that nowa-
days reports the majority of malaria cases in the country. This
study reported a frequency of infection of 8.7% in Quibdo-
Chocé and 7.4% in Tumaco-Narino detected by PCR (supple-
mentary table 2). In both localities, most of the infected
pregnant women were living in the urban/peri-urban areas
(90% and 89.5%, respectively). Malaria transmission in the
urban and peri-urban areas on the Pacific coast region has
been reported; although, the epidemiological and
entomological conditions that contribute to the urban
presence of malaria remain unexplored. It has been
suggested that population movements, including infected
individuals from rural to urban areas, contribute to the
introduction and maintenance of Plasmodium transmission
in these areas [32].

Similar to the current findings, recent studies indicated
that microscopy infections by P. falciparum and P. vivax
were associated with MA [27] as well as with a reduction in
hemoglobin levels [29, 33], reduction in birth weight [29,
33], a high risk for LBW, SGA, and preterm birth [27, 33].
In this study, it was observed that infected pregnant women
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TaBLE 5: Logistic regression analysis of associated factors to Plasmodium spp infection among pregnant women.
n Infected: n (%/n) aOR* 95% CI
Trimester
First and second 332 30 (9.0) 3.06 1.61-5.80
Third 452 16 (3.5) 1
Gravidae
Primigravidae 302 18 (5.9) 1.01 0.54-1.89
Multigravidae 485 28 (5.8) 1
# ANC visits 1.05 0.84-1.31
Residence area
Rural 392 9(2.3) 1
Urban 395 36 (9.1) 3.04 1.41-6.56
Living years in the area 1.03 1.00-1.06
Malaria during last year (self-report)
Yes 39 7 (17.9) 5.45 2.16-13.75
No 748 39 (5.2) 1
Malaria in a cohabitant in the last six months
Yes 110 15 (13.6) 3.22 1.46-7.12
No 635 28 (4.4) 1
Use of net: n (%)
Always 378 16 (4.2) 1
Most of the time 83 8 (9.6) 2.04 0.83-5.05
Some times 156 16 (10.2) 2.80 1.31-5.97
Never 164 6 (3.6) 0.95 0.36-2.51
Fever/history of fever 48 h
Yes 62 20 (32.2) 14.26 6.89-29.81
No 725 26 (3.6) 1
Anaemia
Yes 307 25 (8.1) 2.18 1.15-4.12
No 480 21 (4.4) 1

aOR: adjusted OR; CI95: confidence interval of 95%; aOR: adjusted odds ratio. *Binary logistic regression; adjusted by malaria during last year (self-report),
trimester, and living years in area. Maternal infections were considered if nPCR was positive by Plasmodium spp in peripheral blood or placental blood (at

delivery).

had a 2-fold higher risk of anaemia compared to noninfected
women. It is well known that MA has a negative impact not
only on maternal mortality and morbidity but also on neona-
tal health [4]. It is important to consider that there may be
other factors associated with anaemia in this population,
such as iron and/or folate deficiency and hookworm infec-
tion, which are prevalent in these settings [34-36].

A significant proportion of infected pregnant women
carries subpatent parasitaemias that are not detected by rou-
tine test [11, 12, 14, 27, 28]. The clinical impact of asymptom-
atic and subpatent infections remains understood, and their
importance needs to be investigated [3]. From the few studies
in Latin America, there is no correlation between subpatent
infections and poor pregnancy outcomes [27, 28].

In this study, it was observed that previous malaria epi-
sodes during last year and the infrequent usage of bed nets
were risk factors for MiP. Previous episodes of malaria may
reflect a continuous vector exposure explained by residence
conditions and preventive measured adopted, among others.
In a previous study conducted in Antioquia and Choco, it

was reported that 86% and 93% of participants had at least
one mosquito net, respectively; however, 72-73% used it daily
[37]. Together, these findings highlight the role of bed nets
preventing vector exposure, and suggest the need for strate-
gies to improve their usage and care.

There was no statistical association between gravidity and
infection. Studies from high transmission areas in Africa
have shown a gravidity-dependent susceptibility to malaria,
which has been attributed to the acquisition of antibodies
to pregnancy-associated P. falciparum parasite strains [3].
Similar to reported in Asia, regardless of the number of pre-
vious pregnancies, most pregnant women from low trans-
mission settings have little immunity to malaria, and every
single infection may have adverse consequences on mothers,
fetuses, and neonates [38].

Women in the first and second trimester of pregnancy
were more likely to be infected. At the end of pregnancy, a
reduction of microscopic infections and an increase of subpa-
tent infections have been reported; this could be explained
because of previous infections treated, and possible acquisition
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TaBLE 6: Description of afebrile infections among infected pregnant women.

Febrile (symptomatic) n = 25 Afebrile (asymptomatic) n =21 p value*
Positive microscopy': 1 (%) 25 (100%) 8 (38%) <0.001
Submicroscopic infection™: n (%) 0 (0) 13 (62)
Parasitaemia: median (IQR) 3235 (1200-5880) 1410 (545-1992) 0.049
Parasitaemia <2000 p/uL: n (%) 8/25 (32) 6/8 (75) 0.032
Parasitaemia >2000 p/uL: n (%) 17/25 (68) 2/8 (25)
Symptoms: 1 (%)
Sweating 25 (100) 6 (29) <0.001
Chills 24 (96) 4(19) <0.001
Headache 24 (96) 5(24) <0.001
Myalgia/arthralgia 19 (76) 9 (42.9) 0.022
Asthenia 16 (64) 7 (33) 0.038
Vomit 15 (60) 0 <0.001
Nauseas 10 (40) 5(24) 0.24
Dizziness 14 (56) 2 (9.5) 0.001
Abdominal pain 11 (44) 8 (38.1) 0.68
Diarrhea 7 (28) 1(5) 0.22

IQR: interquartile range. * Proportions were compared with chi’; medians were compared with Mann-Whitney U test. *In peripheral blood.

of immunity as the pregnancy progressed [39]. There is little
knowledge about the effect of malaria during the first half of
pregnancy, but it is well known that, in this period, the devel-
opment of the placental circulation takes place. Recently, it
was reported that placentas from pregnant women who had
an infection before of 15th week of gestation showed morpho-
logical changes compatible with an impairment of vascular
development, which was associated with RCIU and BPN [40].

Most of the studies have used the absence of fever as a
standard definition of asymptomatic infection, especially in
pregnant women, due to the fact that the signs and symptoms
associated with malaria are common during pregnancy. Most
of the malarial clinical symptoms had low positive predictive
values (less than 40%), and only the fever or history of fever
during last 72 hours has been associated with infection
[41]. In this study, it was observed that 46% of infected preg-
nant women were afebrile, suggesting the importance of
malaria-screening in all pregnant women living in endemic
areas, regardless the presence of symptoms, even more, when
they often have gametocytes. Untreated infections in preg-
nant women may represent a reservoir of malaria that con-
tributes to sustaining transmission.

This study had some limitations. First, the cross-sectional
design that provides an estimate of the burden of the infec-
tion in a single period. A longitudinal follow-up of pregnant
women would have allowed us better quantify the burden
and consequences of infection. Second, the sample size was
not calculated for each geographic area; thus, the findings
of this study should be interpreted with caution. Third, this
study was focalized on women attending health facilities
and did not evaluate women who did not attend the ANC
or had community delivery. Fourth, the evaluation of gesta-
tional age by ultrasound was not available in most of cases,
and the Ballards method was used, which is not as reliable
as ultrasound is. Finally, the number of infected pregnant

women detected was modest, which limited the power to
detect associations.

5. Conclusions

This study shows a low frequency of pregnant woman
infected by Plasmodium across study sites but suggests that
asymptomatic and submicroscopic infections are common.
The submicroscopic infections were higher in some areas,
like Tumaco (south Pacific Coast), which may have implica-
tions for the diagnosis of malaria with the currently used test.
Routine screening of malaria during ANC visits is recom-
mended due to the fact that infection is associated with
maternal anaemia, which may have a negative impact on
neonatal and infant health. Furthermore, the high proportion
of afebrile infections supports the importance of the screen-
ing in all pregnant women regardless of the presence of
symptoms. Also, we found a significant proportion of
infected pregnant women that carry gametocytes, and their
role as parasite reservoir must be considered in surveillance
activities towards malaria elimination.
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