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Abstract. Microscopic examination of placental tissue can provide an accurate assessment of malaria infection dur-
ing pregnancy. In this cross-sectional study of 193 women in Iquitos, Peru, 1.0% and 6.6% had parasites in the peripheral
blood as detected by microscopy and polymerase chain reaction, respectively. However, 22% had placental malaria pig-
ment indicating past, subclinical infections. Placental tissues with pigment from 24 cases were matched by gravidity and
month of delivery to 24 controls and histopathologically examined. Cases had significantly higher number of monocytes
in the intervillous space (44.7 versus 25.5; P = 0.012). Pigmented monocytes in fetal vessels were present in 33.3% of cases.
This study demonstrated that subclinical malarial infection occurred frequently in pregnant women and is associated with
increased presence of monocytes in the placenta. Pigmented monocytes in fetal vessels suggest parasites can breach the

placental barrier and enter the fetal circulation.

INTRODUCTION

The epidemiology of malarial infection during pregnancy is
often assessed on the basis of peripheral or placental parasitemia
at delivery. This assessment for acute infection does not provide
an accurate estimate of the exposure experience throughout
the duration of pregnancy. Some studies have longitudinally
followed-up pregnant women throughout pregnancy with
peripheral blood smears. However, peripheral parasitemia often
does not correlate with placental malaria infection.'* Hemozoin
or malaria pigment is a by-product of hemoglobin degradation
by Plasmodium spp. that can be used as an indicator of malaria
infection in the placenta, and may provide a more accurate esti-
mate of the frequency of malarial infection during pregnancy.**

Placental changes caused by malaria infection, including
hemozoin deposition and increased monocytes in the intervil-
lous space (IVS),are thought to interfere with fetal development
through the impairment of maternal-fetal exchanges by gener-
ating hypoxia,and inflammatory reactions.*’!! Increased mono-
nuclear infiltrates, have been associated with adverse infant
outcomes, specifically low birth weight.'””'* Whether placental
parasitemia or host immune responses and local inflammation
are mediators of adverse outcomes remains controversial. It
has been speculated that severe placental parasitemia occurs
and is later suppressed by the onset of the inflammatory infil-
tration. Therefore, both parasite and host immune factors may
play role in malaria-related placental pathology.”

Most studies that have assessed malaria-related placen-
tal pathologic changes have been conducted in moderate-
to-high transmission settings, such as in sub-Saharan Africa,
where Plasmodium falciparum is the dominant infecting spe-
cies.>21315 In regions highly endemic for malaria, the preva-
lence of placental malaria ranges from 30% to 60% and has
been associated with increased risk of adverse infant outcomes,
particularly in primigravidae.!® In these regions, pregnant
women have developed a high level of protective immunity
against clinical malaria.'” Therefore, the impact of placen-
tal malaria may be different than that in pregnant women
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living in low-endemicity regions. Additionally, placental patho-
logic changes caused by P. falciparum may differ from those
caused by P, vivax, and few studies have investigated placental
malarial infections caused by P. vivax. A study conducted in
Thailand demonstrated that P. vivax infection was significantly
associated with malaria pigment in the placenta, despite suc-
cessful clearance of parasitemia by treatment.?

The Amazon region around Iquitos, Peru, provides an oppor-
tunity to evaluate placental malaria caused by P. vivax and
P. falciparum in a low-transmission setting."® Previous reports
from this region have demonstrated a high frequency of
asymptomatic infections, suggesting that protective immunity
to clinical malaria is developed despite low transmission.'®” In
the present study, we investigated the prevalence of placental
malaria infection in a cross-sectional study of pregnant women
at delivery. Subsequently, we assessed histopathologic factors
associated with placental infection in a case—control analysis
by comparing women with and without placental hemozoin.

METHODS

Study design and subject enrollment. A cross-sectional
study with a non-random convenience sampling scheme was
conducted at two hospitals in Iquitos: Centro de Salud San Juan
and Hospital Apoyo Iquitos. Pregnant women were enrolled at
deliveryifcurrentresidence wasinamalaria-endemiccommunity.
Trained physicians or obstetricians obtained informed consent
and prior to or within 24 hours of delivery completed a detailed
epidemiologic questionnaire. Data collected included age,
number of pregnancies, number of malaria episodes during her
lifetime, and if she experienced any illness during this pregnancy.
Previouslifetime malariaissymptomaticclinicalmalariareported
by the mother and based on her health card that documents the
diagnosis (by microscopic detection of parasites) and treatment,
both of which are controlled by the Peruvian health system.
Therefore, this variable does not indicate any undiagnosed
asymptomatic infections. Labor/delivery and infant outcomes
data were collected from the patient hospital chart.

Sample collection. Within 24 hours of delivery, 3 mL of
maternal peripheral blood was collected from the enrolled
patient by venipuncture into a vacutainer tube containing
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EDTA. Thick and thin blood smears were prepared for micro-
scopic examination of peripheral parasitemia.

The placenta was processed immediately after delivery when
possible (no more than four hours after delivery). Two small
(approximately 1 cm?) sections of placenta were removed from
the maternal side of the placenta, and the placental blood that
pooled in these areas was collected by syringe aspiration into
a tube containing EDTA. The tissue sections were then used
to make impression smears. A full-thickness section of the
placenta was taken approximately one-third of the distance
between cord insertion and the edge of the placental disk and
placed in Streck tissue fixative (SFT) (Streck Laboratories
Inc., Omaha, NE). Full-thickness sections in STF were stored
at 4°C. This fixative does not contain formalin and thus pre-
vents possible formation of formalin pigment often misinter-
preted as hemozoin (malaria pigment).

Parasite detection and laboratory methods. Standard micros-
copy of blood and impression smears stained with Giemsa was
conducted within 24 hours of sample collection for malaria
diagnosis. Thick blood smears were read for parasite detec-
tion. For quality assurance, all smears were read by two expert
microscopists. Polymerase chain reaction (PCR), as described
elsewhere, was subsequently carried out on all samples to
detect infections not identifiable by standard microscopy.?

Active and previous placental infection. Full-thickness sec-
tions that were placed in STF were transported to the United
States where sections were processed and embedded in par-
affin blocks by using standard techniques. Three paraffin sec-
tions approximately 5 um thick were cut and stained with
Giemsa, Prussian blue, and hematoxylin and eosin. Giemsa-
stained sections were assessed for parasitemia, Prussian blue—
stained sections were assessed to differentiate malaria pigment
from hemosiderin, a normal by-product of hemoglobin degra-
dation. Although hemozoin and hemosiderin stain brown with
the other two stains, hemozoin stains brown and hemosiderin
stains bright turquoise blue with Prussian blue stain, enabling
differentiation. Hematoxylin and eosin—stained sections were
assessed for placental pathologic changes, such as fibrinoid
deposition, syncytial damage, cytotrophoblast prominence,
and inflammatory infiltrates.

Case—control study design. Twenty-four controls with no
placental hemozoin were matched by gravidity and month
of delivery to 24 cases with placental hemozoin deposition
to assess malaria associated histopathologic changes. Hema-
toxylin and eosin-stained sections of all cases and controls
were examined for placental changes. Leukocytes, specifically
mononuclear and polymorphonuclear cells, were counted in
10 randomly chosen 1,000x microscopic fields of the IVS near
the edge of the basal plate of the placenta.

Statistical methods. Statistical analysis was conducted in
SAS version 9.1 software (SAS Institute, Cary, NC). The goals

of our statistical analysis were to assess frequency of periph-
eral and placental malaria, evaluate risk factors associated
with placental infection (among all study subjects), and com-
pare histopathologic characteristics (i.e., immune cell counts)
between the 24 matched cases and controls. We also evalu-
ated associations between histopathologic characteristics (i.e.,
immune cell counts) and pregnancy outcomes.

Univariate analysis was conducted to assess frequencies
of peripheral infection, acute infection, and past placental
infection. Bivariate analysis between categorical variables was
conducted using by chi-square or Fisher’s exact tests as appro-
priate. Bivariate analysis to assess the association between
placental hemozoin and continuous variables (i.e., age, gravid-
ity, birth weight) was conducted by using the nonparametric
Wilcoxon rank sum test.

For the case—control study, a matched analysis was con-
ducted. To compare immune cell counts and pregnancy out-
comes between cases and controls, a matched conditional
logistic regression was conducted. Report of previous lifetime
malaria was selected as a potential confounder for comparison
of immune cells because it was a significant risk factor in a pre-
vious investigation of serologic responses in pregnant women
from this region. An adjusted matched proportional hazard
regression analysis was conducted to determine the confound-
ing effect of previous lifetime report of malaria on differences
in immune cell counts between cases and controls.

RESULTS

Descriptive frequencies of study population with placental
samples. During April-December 2004, 309 pregnant women
were enrolled in the study. Of these women, 193 had periph-
eral blood and placental tissue samples that fixed properly and
were included in this analysis. Median age of 189 women was
22.1 years (range = 14-44 years), and 75 (39.5%) of 190 women
were primigravidae with a median gravidity of 2.0 pregnancies
(range = 1-13 pregnancies). More than half (55.96%) of the sub-
jects reported having at least one malaria episode during their
lifetime and had a median number of lifetime episodes of 1.0
(range = 1-6 episodes). Of those reporting previous lifetime
malaria episodes, 86.1% reported P. vivax infections and 35.2%
reported P. falciparum infections. The median maternal hema-
tocrit of 160 women was 34.0% (range = 15-45%), and 12.5%
of women had anemia at delivery (hematocrit < 30% ). Median
infant birth weight for 191 newborns was 3,050 grams (range =
1,000-4,010 grams). While a total of 7.9% of the infants had a low
birth weight (< 2,500 grams), 21.9% (35 of 164), had a gestational
age < 37 weeks as measured by the scoring system of Capurro;
the median gestational age was 39 weeks (range = 28-42 weeks).

The frequency of malaria infection as detected by different
methods is shown in Table 1. Of 193 study subjects, 1.0% were

TABLE 1

Frequency of malaria infection by different methods of detection and association with placental hemozoin*

Method of detection

No. (%) (n=193)

No. positive for hemozoin (P)f

Microscopy of peripheral blood (n = 192)
Microscopy of placental blood (N = 190)
PCR of peripheral blood (n = 166)

PCR of placental blood (n = 174)
Confirmed report of malaria in a pregnancy

Placental hemozoin 43 (22.28)

2 (1.04) (1 Pv,1 Pf)
1(0.53) (1 Pf)

11 (6.63) (7 Pv,2 Pf, 1 Pm, 1 Pf/Pm)
9(5.17) (4 Pv,4 Pf, 1 Pm)

17 (8.81) (13 Pv, 2 Pf, 2 unknown)

1(P=035) (1Pf)

1(P=022) (1Pf)

3 (P =0.72) (2 Pv, 1 Pf/Pm mixed)
3 (P=042) (1Pv,2Pf)

5 (P =0.54) (2 Pv,2 Pf, 1 unknown)

*Pv = Plasmodium vivax; Pf = P. falciparum; PCR = polymerase chain reaction; Pm = P. malariae.

+ Bivariate analysis was conducted to determine if placental hemozoin positivity was associated with infection as detected by other methods. The level of significance for P was < 0.05.
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microscopy-positive for parasites in the peripheral blood, 0.5%
in placental blood, and 0.5% in placental tissue impression
smears. Positive PCR results were observed in 6.6% of periph-
eral blood samples and in 5.2% of placental blood samples.
Additionally, 8.8% of the women reported a confirmed diag-
nosis of malaria during the current pregnancy. These women
experienced symptoms of malaria,and after diagnosis, by micro-
scopic detection of parasites, received treatment for infection.
Diagnosis and treatment were noted on their health cards.

In contrast to the low frequency of acute infection, 43
(22.3%) pregnant women had placental hemozoin deposition

as detected by histopathologic assessment of full-thickness
sections. There was no association between placental hemo-
zoin deposition and evidence of infection detected by the
other methods, including a report of malaria in this pregnancy
(Table 1). Malaria pigment was most commonly found in
the basal plate, fibrinoid, monocytes in the IVS, and necrotic
syncytium. Parasites were not found in any of the placental
sections.

Malaria pigment deposits in different areas of the same
placenta are shown in Figure 1. Pigment deposits in the
basal plate on the maternal side of the placenta are shown

FiGure 1. A, Hemozoin deposition (Hz) in a basal plate (BP) of a placenta with evidence of past malaria infection. Malaria pigment or hemo-
zoin appears as brown deposits (arrows). Pigment was confirmed as hemozoin by staining with Prussian blue. The pattern suggests that hemozoin
was left in the fibrin of the basal plate after macrophage degeneration. B, Hemozoin deposition in maternal macrophages in the intervillous space.
Four pigmented maternal monocytes (bold arrows) are in the intervillous space near the basal plate. BP = basal plate; IVS = intervillous space; V =
fetal villi in cross section; ST = syncytiotrophoblast cells; FV = fetal vessels. (Original magnification x 400.)
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TABLE 2

Descriptive characteristics of study population by placental hemozoin (n = 193)

Characteristic Placental hemozoin+ (n = 43) Placental hemozoin- (n = 150) P

Median age, years (n = 189) 21.01 (n=42) (SD =5.41) 23.31 (n =147) (SD = 6.82) 0.43
Median gravidity (n = 190) 2.00 (n=43) (SD =1.54) 2.00 (n =147) (SD = 1.90) 0.058
% Reported previous lifetime malaria 60.5 54.7 0.5
Median infant birth weight, grams (n = 191) 3,020 (n =41) (SD = 530.63) 3,088 (n = 150) (SD = 425.71) 0.09
Median infant gestational age, weeks, by Capurro

and others? (n = 164) 38 (n=37) (SD =2.20) 39 (n=127) (SD =1.93) 0.19
Median maternal hematocrit, % (n = 160) 33.0 (n=36) (SD =5.13) 34.0 (n=124) (SD =4.27) 0.68
% Preeclampsia 4.7 8.7 0.53*
% Urinary tract infections 7.0 0 0.01*
% Premature rupture of membranes 7.0 53 0.71*

*P <0.05, by Fisher’s test.

in Figure 1A, and pigmented maternal monocytes in the IVS
near the basal plate are shown in Figure 1B. The woman from
whom this placenta was obtained was a primigravidae with no
report of previous malaria who had an uncomplicated deliv-
ery. The infant birth weight was 2,740 grams, the infant length
was 48.5 cm, the gestational age as measured by the procedure
of Capurro? was 39 weeks, and the maternal hematocrit was
40%.The placental pathologic changes of hemozoin deposition
in the absence of parasites and evidence or report of clinical
manifestations suggest that this woman had an asymptom-
atic malarial infection during pregnancy that may have self-
cleared.

Characteristics of pregnant women with placental hemozoin
compared with those without placental hemozoin. A risk
factor and outcome analysis was conducted to determine
whether pregnant women with placental hemozoin differed
from pregnant women without hemozoin (Table 2). The
43 pregnant women whose placentas were hemozoin positive
demonstrated a trend to be of lower gravidity, and have lower
birth weight babies compared with those with no placental
hemozoin, but the difference was not statistically significant
(Table 2).

Findings of case—control study. A case—control study
was subsequently designed to determine if placentas with
hemozoin deposition had more pathologic changes compared
with those who were hemozoin negative. A subset of the
hemozoin-positive women was matched to hemozoin-negative
controls by gravidity and month of delivery. We were able to
match 24 case—control pairs to be included in the case—control
analysis. Among these women, none were microscopy positive,
two were PCR positive in peripheral blood for P. vivax, two
were PCR positive in placental blood, one for P. falciparum
and one for P. vivax, and two reported having malaria during
this pregnancy. Women who had a confirmed diagnosis of
malaria during this pregnancy received treatment at the time
of diagnosis, which was documented on their health cards.
Fifteen (62.5%) of 24 cases reported at least one previous
lifetime infection compared with 11 controls (45.8%).

Leukocyte counts in IVS. Leukocytes from 10 randomly
chosen 1,000x microscopic fields of the IVS near the basal
plate were compared between cases and controls (Table 3).
Among cases, 10 (41.7%) had pigmented mononuclear cells in
the IVS with a mean number of 4.9 pigmented mononuclear
cells in 10 1,000x microscopic fields. Cases with placental
hemozoin deposition had significantly increased mean number
of total mononuclear cells (pigmented and non-pigmented) in
the IVS compared with controls (44.7 versus 25.5; P = 0.014)
(Table 3). Furthermore, when only non-pigmented monocytes
in IVS were compared, cases had significantly increased mean
numbers than controls (39.8 versus 25.5; P = 0.037) (Table 3).
In contrast, controls had significantly higher mean numbers of
PMN:ss in the IVS compared with cases (Table 3).

Pigmented monocytes in fetal vessels. Although much of
the hemozoin deposition was seen in the traditionally reported
locations including the basal plate, fibrinoid, and mononuclear
cells in the IVS, eight (33.3%) of the cases showed pigmented
mononuclear cells within fetal vessels (PMFV). The PMFVs
were often seen in the larger fetal vessels near the fetal side
of the placenta. Two women with PMFVs and other placental
histopathologic changes associated with malaria pigment are
shown in Figures 2 and 3.

A 200x magnification in Figure 2 shows a large fetal vessel
containing fetal blood and numerous mononuclear cells. The
inset (boxed area) at 1,000x magnification in Figure 2 shows
that many of these mononuclear cells contain malaria pig-
ment. This placenta was from a woman with no evidence of
symptomatic malarial infection during pregnancy by micros-
copy, PCR, or report. She had three previous malaria epi-
sodes in her lifetime, two caused by P. vivax infections and
one caused by a P. falciparum infection. Infant birth weight
was 3,620 grams, infant length was 50 cm, gestational age was
37 weeks, and maternal hematocrit was 33%. The placental
pathologic changes for this case suggest that not only did this
woman experience an asymptomatic malarial infection, but
also that the parasite may have crossed the placental barrier
and entered the fetal circulation.

TaBLE 3
Immune cell counts in 10 1,000x microscopic fields by case—control status*

Cases, mean no. counted in

Controls, mean no. counted in

Cell type 10 fields (n = 24) 10 fields (n = 24) Unadjusted P Adjusted P ¥
All mononuclear cells in IVS (non-pigmented plus pigmented) 44.7 25.5 0.014 0.012
Non-pigmented mononuclear cells in IVS 39.8 25.5 0.037 0.023
Polymorphonuclear cells in IVS 0.42 12 0.045 0.063

*IVS = intervillous space. Level of statistical significance was P < 0.05.
+Adjusted for report of previous lifetime malaria.
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FiGure 2. Monocytes and pigmented monocytes in a large fetal vessel in a longitudinal section of a primary stem villous with many monocytes
of an infant was born with a congenital malaria infection as confirmed by a Plasmodium vivax—positive peripheral blood smear within 24 hours
of delivery. Monocytes in fetal vessel contain malaria pigment (arrows) (original magnification x 200). Inset shows malaria pigment in monocytes
(original magnification x 1,000). FV = fetal vessel; FB = fetal blood; PMFV = pigmented monocyte in fetal vessel.

A case with malaria pigment in various locations on the fetal
side of the placenta is shown in Figure 3. This figure shows the
maternal IVS of the placenta, the fetal membrane, and a large
fetal vessel full of fetal blood and some mononuclear cells.
Malaria pigment was in all three areas: a maternal pigmented
mononuclear cell in the IVS, hemozoin deposits in the fetal
membrane, and PMFVs in the fetal vessel. This mother was

diagnosed with P, vivax infection earlier in her pregnancy. She
has had five previous malaria episodes in her lifetime; three
caused by P, vivax and 2 caused by P. falciparum. The infant
was congenitally infected with P. vivax as determined by micro-
scopic detection of P, vivax parasites in the infant’s peripheral
blood within 24 hours of delivery while the mother and infant
were still in the hospital. The infant birth weight was 3,020

Ficure 3.  Hemozoin deposition in chorionic plate, fetal membranes, and pigmented monocyte in fetal vessel of an infant born with a congenital
malaria infection as confirmed by a Plasmodium vivax—positive peripheral blood smear within 24 hours of delivery. The intervillous space (IVS)
contains a pigmented maternal monocyte (PM). The fetal membrane (FM) contains deposits of hemozoin denoted by circled areas. The large
fetal vessel (FV) filled with fetal blood (FB) at the top contains four fetal monocytes that contain malaria pigment (PMFV). CP = chorionic plate.

(Original magnification x 400.)
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TABLE 4

Relationship of placental hemozoin and monocyte counts with infant and maternal outcomes (n = 48)

Mean infant birth

Mean infant gestational age,

Mean maternal hematocrit, %

Group weight, grams P weeks (n=41) P (n=45) P
Cases with hemozoin (n = 24) 2,847 022+ 37.6 (n=21) 0.85+ 33.9 (n=22) 0.90%
Controls without hemozoin (n = 24) 3,053 37.9 (n =20) 33.6 (n=23)

*By matched conditional logistic regression, SAS procedure Proc Phreg.

grams, gestational age was 40 weeks, and maternal hematocrit
was 35%. The infant subsequently died of neonatal sepsis.

Relationship of placental hemozoin and mononuclear cell
counts with maternal and infant outcomes. Although a greater
proportion of cases delivered infants with low birth weights
(16.7% versus 8.3% in controls) there was no significant
difference in birth weight between cases (2,847 grams) and
controls (3,053 grams) (P = 0.22). Similarly, more cases had
infants with decreased gestational age, as measured by the
procedure of Capurro,* (38.1%) than controls (25.0%), but no
significant differences in mean gestational age were detected
(37.6 weeks versus 37.9 weeks; P = 0.85). Mean levels of infant
birth weight, infant gestational age, and maternal hematocrit
between cases and controls are shown in Table 4; differences
were not statistically significant.

DISCUSSION

The present study investigated the prevalence of placen-
tal malaria infection in a cross-sectional study of pregnant
women in the Amazon region of Peru, an area of low malaria
endemicity with transmission of P. vivax and P. falciparum.
A case—control study was designed to investigate the placen-
tal histopathologic changes associated with placental infec-
tion, and whether these changes were associated with adverse
maternal and infant outcomes.

In thisinvestigation,alow frequency of acute,active infection
was detected. However, a high proportion of pregnant women
enrolled in this study (22.3%) had malaria hemozoin depo-
sition in their placentas. On the basis of the widely accepted
criteria for pathologic classification of placental malaria of
Bulmer and others,>® this finding is indicative of a past chronic
infection during pregnancy.>® The presence of hemozoin in
the absence of patent parasitemia or patient report of clinical
symptoms suggests that most women with placental hemozoin
experienced subclinical malaria infections during pregnancy.
Interestingly, the presence of placental malaria pigment was
not significantly associated with infection detected by any of
the other methods (Table 2). This finding further suggests that
women with evidence of malarial infection detected by pla-
cental hemozoin only were able to successfully clear parasites
without developing clinical disease.

Little is known about the extent and distribution of placental
hemozoin deposition caused by P. vivax infection. Therefore,
it is difficult to determine which species caused the hemo-
zoin deposition in each of the cases. One study in Thailand
demonstrated that women infected with P. falciparum had
increased amounts of and more widely distributed placental
hemozoin deposition than women infected with P, vivax,” but
there was no difference in the amount and distribution of pig-
mented maternal monocytes in the IVS between the two spe-
cies. However, pregnant women in this study in Thailand were
treated upon detection of infection. Therefore, treatment may

have precluded observation of the true placental pathologic
changes caused by P, vivax. In the current study, most infections
that were detected by microscopy, PCR, and patient report in
pregnant women were caused by P. vivax. Thus, a substantial
proportion of the placental hemozoin demonstrated in this
investigation may have been caused by P, vivax infections.

The most significant finding of this study is the presence of
PMFVsin 33.3% of the cases. This is the first time that PMFVs
have been reported in association with placental malaria. It is
traditionally believed that because placental malaria is caused
by maternal infection, malaria-related placental lesions and
changes are limited to the maternal side of the placenta, such
as the basal plate, IVS, and villous surface.!” Placental changes
on the fetal side of the placenta or in the primarily fetal struc-
tures, such as the amniochorionic membrane, have rarely been
reported. The reason for this finding may be that most studies
assessing malaria-related placental histopathologic changes
analyze small biopsy sections from the maternal side of the
placenta instead of full-thickness sections. This limited analy-
sis does not enable an assessment of the side of the placenta
nearest the fetus where most larger fetal vessels are visible.
However, other studies that examined full-thickness sections,
in which the frequency of acute and past placental infection
was high, also did not report PMFVs. 101323

Traditionally, it is believed that parasites cannot breach the
placental barrier and enter the fetal circulation. Although oxy-
gen, nutrients, and antibodies are transplacentally transferred,
maternal and fetal circulations are not in direct contact in the
placenta. Thus, an infected erythrocyte would not cross into
the fetal circulation without placental damage. The observa-
tion of PMFVs in this study challenges this widely accepted
theory and indicates that fetal exposure to parasites occurs
in utero. Transplacental fetal infection in utero was reported
in Ceylon, and was observed to cause fetal death in several
cases.”* Moreover, a more recent study in rhesus monkeys, in
which pregnant mothers were infected with P. coatneyi found
an infected fetal erythrocyte within a fetal vessel. This baby
subsequently became congenitally infected with malaria 80
days after birth, which indicated that fetal exposure to malaria
can be manifested several months after birth.> Another study
that assessed paired maternal and cord blood samples from
Kenya showed that 57% of infected paired samples had
discordant malaria strains, suggesting that transplacental
transfer of P, falciparum-infected erythrocytes occurs.”® Thus,
congenital malaria infection by in utero exposure may occur
more frequently than previously believed.

The question could arise as whether increased monocytes
seen in fetal vessels are of maternal or fetal origin. Although
transplacental transfer of maternal leukocytes has been
reported, the frequency and number of cells crossing the
placental barrier are usually low, unlike the large numbers
detected in fetal vessels in the current study, making it unlikely
that these cells are maternal.”’ Additionally, it has been
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established that strong maternal inflammatory responses can
result in adverse pregnancy outcomes, including spontaneous
abortion, intrauterine growth restriction, and preterm deliv-
ery.®Therefore, it would be expected that transplacental trans-
fer of an inflammatory response would have resulted in more
severe adverse outcomes than was observed in this investiga-
tion. Thus, it is likely that the monocytes and PMFVs are of fetal
origin and are indicative of a fetal immune response against
the malaria parasite. This notion is also supported by previ-
ous reports of the presence of IgM in cord blood (which does
not cross the placental barrier) against malarial antigens.”
A study in Cameroon found that 14% of infants experienced
in utero infection and produced IgM responses to as many as
25 different P. falciparum antigens.” Thus, our findings are
consistent in that the fetus mounts an immune response that
includes phagocytic uptake of parasites, potentially followed
by a more specific humoral response. Therefore, it is conceiv-
able that the PMFVs detected in this study are of fetal origin
developed in response to infected erythrocytes that crossed
into the fetal circulation. Immunofluorescent assays to deter-
mine whether fetal markers are expressed on PMFVs would
be needed to confirm the origin of PMFVs.

There are important limitations in the current study. First,
the sample size of the current study was low and may have
precluded detection of significant associations, particularly in
the case—control analysis. Second, assessment of mononuclear
cell counts only on the maternal side of the placenta is not
optimal, particularly in light of the findings of PMFVs near
the fetal side. Histopathologic assessment was not extended to
the fetal side, so as not to bias the results of the study through
selective evaluation of placentas with evidence of PMFVs.
We believe that histopathologic assessment of the fetal side,
including mononuclear cell counts on the fetal side and in fetal
vessels, can be highly informative and should be evaluated in
subsequent studies.

In conclusion, this study demonstrated an increased fre-
quency of placental hemozoin deposition in the absence of
current parasitemia and report of clinical symptoms, suggest-
ing that subclinical malaria infections caused by P. vivax and
P. falciparum are common in pregnant women living in
malaria-endemic areas of Iquitos, Peru. Patients with hemo-
zoin had significantly increased mononuclear cells in the IVS
than controls. Most importantly, this is the first report of the
presence of PMFVs of the placenta. This phenomenon indi-
cates that in utero exposure and true congenital infection may
occur frequently in this region, and that the fetus may be capa-
ble of mounting a pro-inflammatory immune response neces-
sary for effective clearance of parasites.
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