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Background: Activation of immune cells by malaria infection induces the secretion of cyto-
kines and the synthesis of other inflammatory mediators. This study compared the cytokine
levels and leukocyte count between malaria-infected peripheral and placental blood of pregnant
women before delivery and postpartum. The cytokines assessed include interferon gamma
(IFN-y), tumor necrosis factor alpha (TNF-), interleukin-4 (IL-4), interleukin-6 (IL-6) and
interleukin-10 (IL-10).

Materials and methods: The subjects comprised 144 malaria-infected pregnant women and
60 malaria-infected women at post-partum stage (for placental blood collection). Others were
60 malaria-uninfected pregnant women and 40 malaria-uninfected women at postpartum stage
(for placental blood collection). Forty malaria-infected and 40 malaria-uninfected nonpregnant
women served as control subjects. The test groups were asymptomatic, and the control groups
were apparently healthy subjects. All were aged between 17 and 44 years. Ethical approval for
the study was obtained at Abia State University Teaching Hospital and Living Word Mission
Hospital, Aba. Informed consent was obtained from the participants. Blood samples were
aseptically collected initially from the maternal peripheral circulation and from the placenta
on delivery, and tested for HIV and malaria using standard methods. IFN-y, TNF-q., IL-4, IL-6
and IL-10 were measured by enzyme-linked immunosorbent assay technique. Kruskal-Wallis
test was used for comparison of the groups.

Results: IFN-y was significantly higher in the peripheral than in placental blood (P=0.001).
IL-4 and IL-10 were significantly lower in the peripheral than in placental blood (P=0.001 and
P=0.004, respectively). The total leukocytes, neutrophils and lymphocyte counts were signifi-
cantly higher in the placenta than in peripheral blood (P=0.001), and the mixed differential count
was significantly higher in the placenta than in peripheral blood (P=0.012).

Conclusion: This study has shown that the cytokine levels and leukocyte counts may differ
between the peripheral and placental blood of the same women. Therefore, measurement of
parameters in the peripheral circulation may not always reflect the levels in the placental blood
for the assessment of immune cellular response at the materno—fetal interface.
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Introduction

Malaria is a worldwide infection that affects about 500 million and kills more than
1 million people each year, with occurrence being majorly in the tropical and sub-
tropical areas, especially in Africa, Asia, Central and South America.! It is reported
that malaria affects more than 3 million pregnant women each year in the developing
countries,” with a consequent toll on maternal and fetal mortality.” The main effects
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of pregnancy-associated malaria include maternal anemia,
low birth weight, preterm delivery and increased infant
and maternal mortality.> Some of these effects have been
attributed to overexpression of cytokines and varied level of
transmission.** High cytokine level depresses cell-mediated
immune response. Regarding the level of transmission in
malaria-endemic areas, multiparous women and other adults
acquire antibodies, thereby developing a considerable level of
immunity that prevents them from presenting clinical malaria.
However, the condition is different with primigravidae
because they acquire antibodies late in pregnancy, resulting
in low sustainable immunity.°

Infection of the peripheral blood begins when an infected
female anopheles mosquito injects the sporozoite(s) into
the subcutaneous tissue and less frequently, directly into the
blood stream. The sporozoite(s) migrate to the liver, divide
and mature successively to form thousands of merozoites.”
The invasion of the red blood cells (RBCs) by the merozoites
results in clinical malaria, and the level of parasitemia may
correlate with the severity of the disease.”®

Parasitemia is influenced by cytoadherence or seques-
tration of the parasite in the internal organs. Sequestration
is a phenomenon whereby malaria-infected erythrocytes
accumulate in the microvasculature of various organs. The
malarial parasite, Plasmodium falciparum, expresses on the
surface of infected RBCs variant surface antigens, mainly the
VAR2CSA molecule.”!° The variant surface antigens mediate
arange of interactions and adhere to receptors such as CD36
and ICAM1 on the host endothelial cells, platelets, uninfected
erythrocytes and dendritic cells. The adherence to CD36 and
ICAMI results in acquiring antibody response. The principal
VAR2CSA molecule is P. falciparum erythrocyte membrane
protein 1 (PfEMP-1).> PEMP-1 is encoded by var genes and
is expressed in the second half of the parasite life cycle.® It
is a virulent factor synthesized by the parasite during its
maturation in host RBCs!! and is capable of attaching to host
erythrocytes by making use of both host- and parasite-derived
cytoskeletal adapters.'> The adhesion and interactions of the
parasite/host adhesion molecules enhance the growth of the
parasite in the internal organs. Sequestration in other organs
may be mediated by receptors such as ICAMI1 and CD36,
but in the placenta, it is essentially mediated by chondroitin
sulphate-A (CSA).S In pregnancy, the P/EMP1 variant binds
to the specific parasite ligand to CSA, and this development
is responsible for pregnancy-associated placental malaria.'
CSA is a component of the proteoglycan matrix on placenta.
It has been suggested that higher adherence to CSA results
in greater binding and cooperativity.'? Determining the

level of parasitemia is important while reporting malaria
infection, since it is useful in the assessment of the parasite
morphology, in clinical trials, epidemiologic studies and in
the evaluation of effectiveness of interventions in individuals
and communities.!*!*

The placenta is the primary link between the mother and
the fetus. It nourishes the fetus, eliminates fetal wastes and
produces pregnancy hormones.!'> Parasite-infected eryth-
rocytes accumulate in the intervillous space, sometimes in
higher density, and bind to CSA in the syncytiotrophoblast.'
Again, the placental intervillous spaces may be filled with
macrophages, and these may contain hemozoin, antibodies
and cytokines. Hemozoin probably remains for a long period
until it is diluted out by the rapidly growing placenta.'

High malarial parasite infection is deleterious to the fetus
because it induces some specific changes in the placenta.
First, it triggers cellular immune response, which may result
in the consumption of glucose and oxygen needed by the
fetus.!” Second, it causes deposition of fibrinoid material and
thickening of the cytotrophoblastic membrane. Sequestration
of infected erythrocytes may lead to inflammatory response
and poor placental function. It may also lead to structural and
functional changes of the syncytiotrophoblast layer.'® These
allude to a mechanical compromise of placental circulation,
resulting in pathologic lesions and drastic reduction in the
transport of nutrients to the fetus.!® Third, there is disrup-
tion of the normal immune balance, inducing inflammatory
responses that result in increased synthesis of cytokines like
tumor necrosis factor alpha (TNF-a), interleukin (IL)-2 and
interferon gamma (IFN-Y).!3 An elevated level of TNF-o has
been associated with effects that are inimical to placental
survival and may result in low birth weight and anemia.’
Malaria in pregnancy is also capable of causing a disruption
of trophoblast invasion, a phenomenon that may have pro-
found effects on placental oxygenation and cause decreased
placental volume and changes in uteroplacental and umbilical
blood flow.'® On the other hand, increased IFN-y production
may protect against prevalence of placental malaria, 5 and
IL-10 may be beneficial in that it dampens proinflammatory
responses induced by the sequestration phenomenon."

Under normal conditions, changes in the cytokine profile
occur in pregnant women and in transformation that takes
place at the materno—fetal interface to ensure successful
delivery of healthy infants.?* Moreover, there is a system-
atic transition to type-2 cytokine dominance as pregnancy
progresses to the third trimester, as overexpression of type-1
cytokines may compromise the viability of the fetus.!62!-22
The cytokines diffuse into the extracellular compartments
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and circulate in the peripheral blood. In response to invad-
ing pathogens, however, the cytokine profile is truncated
and reversed to Thl cytokine bias. One such condition that
induces and reverses the cytokine bias to Th1 dominance is
maternal malaria. Cytokines are agonists secreted principally
by activated immune cells. They induce various transcription
factors which, in turn, determine the fate of cells either for
proliferation, differentiation, maturation or apoptosis.

Furthermore, leukocytes normally respond rapidly to
combat infections and the polymorphonuclear cells appear
to proffer the first line of defense. To enhance their func-
tions, most cytokines, especially the Th17 group, known as
powerful recruiters of immune cells, recruit more neutro-
phils, eosinophils and monocytes. While it is expected that
in malaria, the total leukocyte count would be elevated, the
wealth of evidence shows that it often appears low to normal
in a phenomenon widely thought to reflect the localization
of leukocytes away from circulation to the spleen and other
marginal pools, but is not due to actual depletion or stasis.'*!'
The extent to which leukocytes adhere to endothelial cells
of internal organs, especially the placenta, during immune
response could be assessed. Changes in the profile of both
the maternal and placental cytokines and the blood immune
cells should be expected in response to infections. However,
the degree of variation induced by malaria parasitemia needs
to be assessed. This study is, therefore, aimed at comparing
the level of certain immunologic parameters between the
peripheral and placental blood. These include the cytokine
secretions and the blood cellular response to malarial infection
in both compartments. This is with a view to assess the cellular
immune response at the materno—fetal interphase which, to a
large extent, also determines the viability of the fetus.

Materials and methods
This study, a follow-up research work that involved pregnant
and postpartum women, was conducted in Aba, Abia State,
Nigeria. Aba is a cosmopolitan town and the second largest
commercial city of South Eastern Nigeria. It is located in lati-
tude 05° 10-N and longitude 07° 19-E, and at 205 m (673 ft)
above the sea level. Aba is located 67 km from Umuahia, the
state capital.?** The area experiences malaria transmission
throughout the year.*?* The stagnant water in the drainages
provides adequate ecologic habitat for the breeding of mos-
quitoes. The mosquitoes are less susceptible to insecticides,
possibly as a result of adaptation, and the majority of the
study population sleep outside mosquito nets.**?

The women recruited for this study were classified into
six groups. The first and second groups were malaria parasit-

emic and aparasitemic pregnant women. The third and fourth
groups were subjects whose placental blood was infected
and uninfected by malaria parasites, respectively. The fifth
and sixth groups were malaria parasitemic and aparasitemic
nonpregnant women, respectively. The malaria-uninfected
pregnant women (group 2) and immediate postpartum
women (group 4) were considered as the first batch of the
test subjects, while the nonpregnant women (groups 5 and
6) were taken as the second batch of the control subjects.
The test groups and control groups were asymptomatic and
apparently healthy subjects, respectively. The classification
into groups was based on detection of the malaria parasite
in their blood and without the presentation of any form of
clinical malaria. The participants were aged between 17 and
44 years, and all tested negative to human immunodeficiency
virus (HIV). They had no history of liver diseases, hyperten-
sion, pre-eclampsia, malignancy, tuberculosis and gastric and
duodenal ulcers. In addition, the pregnant groups had not
complained of bleeding prior to 32 weeks of gestation, had
not been transfused and were with singleton pregnancy. The
criteria were applied to ensure that other sources of immune
stimulation aside pregnancy and malaria were eliminated and
to avoid any bias in interpretation. The immediate postpartum
women had uncomplicated pregnancies and gave birth via
vaginal route. On the contrast, subjects apparently known
with chronic illnesses such as diabetes mellitus, cardiovascu-
lar diseases, liver diseases, tuberculosis and other infections,
and inflammatory or pathologic disorders that may alter
the immune response were excluded. Also excluded were
those on hormonal drugs, HIV seropositives and those with
multiple gestations. Those whose informed consent was not
obtained were also excluded.

Ethical approval for the study was obtained from the
Ethics Committees of two hospitals in Aba. They are Abia
State University Teaching Hospital and Living Word Mission
Hospital (Rhema University Teaching Hospital), both being
tertiary hospitals with standard health facilities and manned
by qualified and experienced health professionals. The
pregnant and immediate postpartum subjects were recruited
from the antenatal care units and delivery units, respectively,
of the two hospitals, whereas the nonpregnant groups were
students enrolled from the School of Nursing of Abia State
University Teaching Hospital. Written informed consent of
the individual subjects was obtained, and for subjects under
18 years of age, written informed consent of the parent or
the husband, as the case may be, was obtained.

Peripheral sample was collected from the pregnant sub-
jects at the last antenatal visit (few days to Expected Day of
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Delivery), while placental blood was collected from the same
subjects shortly after delivery. Peripheral blood was collected
by venipuncture: about 8 mL of blood was withdrawn from
the antecubital vein of each subject by the phlebotomist. The
blood from the placenta was obtained within 30 minutes of
delivery and by biopsy pool method. Briefly, a block of tissue
(5%5%5 cm) was excised from the cleaned maternal surface of
the placenta, resulting in a large pool of intervillous blood at
the excision site. About 8 mL of blood was quickly aspirated
with a graduated sterile pipette. This was carried out by the
hospital matrons.

Of the total blood collected, 3 mL was dispensed into
EDTA anticoagulant bottle, mixed and set aside for the
examination of malarial parasite, total leukocyte and dif-
ferential leukocyte counts. The remaining 5 mL was allowed
to clot in a pyrogen-free container and centrifuged at 3000
rpm for 10 min. The serum thus obtained was used for the
screening of HIV and estimation of cytokines: TNF-a., IFN-y,
IL-4, IL-6 and IL-10.

Malaria parasitemia was determined by both rapid diagnos-
tic testing and thick film methods. The malaria parasite density
was evaluated using the quantitative parasite count (thick film
by Giemsa staining technique). The HIV screening was done
using Determine (Cat. No.: 240852/R7; Ref. No. 7D2343)
and Immunocomb (Cat. No.: 10434503; Lot No.: 131015)
test kits. The total leukocyte and differential leukocyte counts
were evaluated using the automated three-parts hematology
analyzer model KX21N (Sysmex Corporation, Kobe, Japan),
while the cytokines were estimated by the enzyme-linked

immunosorbent assay technique and the kits sourced from
Abcam Company, Cambridge, UK (Lot Nos: IL-4 [ab100570],
IL-6 [ab46027], IL-10 [ab46034], TNF [ab100654] and IFN
[ab46025]). Procedure for each test was carried out according
to the respective manufacturer’s instructions.

Statistical analysis

All statistical analyses were performed using SPSS version
21. The results were expressed as mean and SD. Kruskal—
Wallis test was used for comparison of the groups. Level of
significance was set at P<0.05.

Results

Table 1 shows a comparison of the mean+SD of the cytokine
levels and parasite density of all subjects, done using Kruskal—
Wallis test and post hoc analysis. It shows the effect of malaria
infection and pregnancy on immune cell activation.

Effect of malaria infection

For this assessment, comparison was made between subjects
ofthe groups 1 and 2,3 and 4, 5 and 6, and 1 and 3. On com-
paring groups 1 and 2, values obtained for all the cytokines
assessed were higher in malaria-infected pregnant group
and were statistically significant when compared with the
uninfected pregnant group.

When the values obtained for malaria-infected placental
blood (group 3) were compared with those obtained for
uninfected placental blood (group 4), there was increase in
cytokine parameters in the former over the latter. However,

Table | Comparison of the meantSD of cytokine and parasite density levels of malaria-infected and -uninfected subjects, done using

Kruskal-Wallis test and post hoc analysis

Groups Cytokines (pg/mL) MP (parasite/pL)
IFN-y TNF-o. IL-4 IL-6 IL-10 MP

Gl (n=144) 22.94+12.71 21.12£12.57 9.6617.05 32.11£27.92 35.19+28.82 658.56+484.55

G2 (n=62) 5.98+3.11 10.03£3.04 7.17£391 8.68+8.41 14.7616.17 -

G3 (n=60) 11.71£6.55 19.35+£10.94 14.8616.37 34.27+13.78 55.57+43.13 762.47+459.62

G4 (n=40) 5.58+2.86 12.3616.81 12.03+5.01 26.99+12.65 16.60+4.88 -

G5 (n=40) 30.07+0.39 13.17+0.33 3.60+0.29 23.42+0.45 43.42+0.45 837.75£737.53

G6 (n=40) 4.6912.64 4.6610.78 2.13+£0.36 2.33+0.58 6.45+4.15 -

Post hoc

Gl vs G2 0.001" 0.001" 0.040" 0.001" 0.001"

Gl vs G5 0.001" 0.001" 0.001" 0.502 0.006" 0.294

Gl vs G3 0.001" 0.172 0.001" 0.068" 0.004" 0.213

G2 vs G6 0.111 0.001" 0.001" 0.001" 0.001"

G3 vs G4 0.001" 0.005" 0.154 0.104 0.001"

G5 vs G6 0.001" 0.001" 0.001" 0.001" 0.001"

Notes: The o level was set at 0.05, *P<0.05=significant, P>0.05=not significant. G|, malaria-infected pregnant maternal peripheral blood; G2, malaria-uninfected pregnant
maternal peripheral blood; G3, malaria-infected placental blood; G4, malaria-uninfected placental blood; G5, malaria-infected nonpregnant women’s peripheral blood; Gé,

malaria-uninfected nonpregnant women’s peripheral blood.
Abbreviation: MP, malaria parasite.
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the increased values for IL-4 and IL-6 were not statistically
significant.

Comparison of values between malaria-infected nonpreg-
nant women (group 5) and uninfected nonpregnant women
(group 6) revealed significantly higher values for all the
cytokine parameters assessed in the malaria-infected group
than in the uninfected group.

Comparison of values between infected peripheral
(group 1) and placental (group 3) compartments showed that
IFN-y was significantly higher in infected peripheral than
in infected placental blood, whereas IL-4 and IL-10 were
significantly lower in infected peripheral than in placental
blood. On the other hand, TNF-o and IL-6 were not statisti-
cally significant.

Effect of pregnancy

For this assessment, comparison of values was made between
groups 2 and 6 and between groups 1 and 5. On comparing
malaria-uninfected pregnant women (group 2) vs malaria-
uninfected nonpregnant women (group 6), IFN-y was mildly
raised in the former, but there was no statistically significant
difference. However, for the other cytokines, TNF-o, IL-6,
IL-4 and IL-10, the elevation in the values obtained for the
uninfected pregnant women were statistically significant in
all cases.

On comparing the values obtained from malaria-infected
pregnant women (group 1) and those from infected, nonpreg-
nant women (group 5), IFN-y and IL-10 were significantly
lower in the former as compared with the latter, whereas
TNF-o and IL-4 were significantly higher in the infected
pregnant women than in infected nonpregnant women. IL-6
was not significantly expressed.

Table 2 shows a comparison of the meantSD of the
leukocyte counts between malaria-infected peripheral and
placental blood, done using Kruskal-Wallis test. This table is
for further assessment of immune cellular response between
malaria-infected pregnant mothers’ peripheral blood and
malaria-infected placental blood (groups 1 vs 3).

The values obtained for total leukocytes, neutrophils,
lymphocytes and mixed differential counts were higher in the
infected placenta and statistically significant on comparison
with the infected peripheral blood.

Discussion

Malaria in pregnancy is a common phenomenon in malaria-
endemic areas. It is an intractable disease that may affect the
systemic circulation, placenta, brain and other internal organs.
These are distinctive features of P falciparum malaria,’” the
species that is prevalent in the study environment.

This study shows that IFN-y, TNF-o, IL-4, IL-6 and
IL-10 were elevated in malaria-infected pregnancies when
compared to those in uninfected pregnant women. The result
is similar to the findings of Szoba et al*® and Nmorsi et al,”
respectively, who reported that IFN-y and IL-6 were signifi-
cantly elevated in malaria-infected pregnant women than in
uninfected nonpregnant women, and to that of Torre et al,?®
who reported significantly elevated levels of IFN-y, TNF-a.
and IL-10 in malaria-infected pregnant women than in their
control counterparts. The same is also true when compared
with Bayoumi et al® and Bostrom et al,*® respectively, who
reported significantly increased IL-10 in malaria-infected
pregnant women than in uninfected control pregnant women.
On the other hand, the discordance with the results of Bay-
oumi et al* and Bostrom et al,* respectively, which showed
that IFN-y, IL-4 and IL-10 were elevated in uninfected than
in malaria-infected peripheral blood, could be due to the
regional differences, since our study population is a high
malaria density zone. In the studies of Megnekou et al'* and
Wilson et al,>' 1L-10 was raised significantly in malaria-
positive pregnant women than in the ones who had no malaria.

Another striking finding of this study was that the levels of
IFN-y, TNF-o and IL-10 were increased in malaria-infected
placenta than in malaria-uninfected placenta. This result is
similar to the finding of Suguitan et al.*> The significantly
increased expression of IL-10 was due to the fact that this
regulatory cytokine characterizes normal human pregnancy.

Table 2 Comparison of meantSD of the leukocyte count between infected peripheral and placental blood (using Kruskal-Wallis test)

Parameters Peripheral blood (n=144) Placental blood (n=60) P-value
Total leukocytes (x107/L) 7.09+2.02* 11.00+4.80° 0.001
Neutrophils (x10°/L) 3.9£0912 5.0+0.78° 0.001
Lymphocytes (x10%/L) 2.3+0.77¢ 4.9+0.89° 0.001
MXD leukocyte (x10°/L) 0.9+0.41° 1.1+0.25° 0.012

Notes: This table shows a comparison of the mean+SD of the leukocyte counts between malaria-infected peripheral and placental blood, done using Kruskal-Wallis test. It
is for further assessment of immune cellular response between malaria-infected pregnant mothers’ peripheral blood and malaria-infected placental blood (groups | vs 3). The
differences in values between the two compartments were all significant. The o level was set at 0.05. **Show statistical difference. Values not sharing the same superscript
mean there is a statistical difference. Values sharing the same superscript mean there is no statistical difference.

Abbreviation: MXD, mixed differential leukocytes comprising monocytes, eosinophils and basophils.
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In placental malaria, IL-10 concentrations are elevated,*
in order to suppress the effects of increased levels of Thl
cytokines. IL-10 has a major role in controlling inflammatory
responses and preventing damage of materno—fetal placental
barrier.*** Megnekou et al'® found that IL-10 increases are
associated with infection by P, falciparum during pregnancy,
suggesting that IL-10 could be used as a biomarker of falci-
parum malaria in pregnancy. As a consequence to the high
parasite density found in placenta in our study, it may be
concluded that comparatively higher IFN-y, TNF-ocand IL-10
levels should be expected in this compartment.

On comparing the concentrations of cytokines in the
infected systemic and local placental blood, the finding of
this study showed that IFN-y, a proinflammatory cytokine,
was reduced in the placenta than in peripheral blood and IL-4
and IL-10, the anti-inflammatory cytokines, were increased in
the placenta than in peripheral blood. This finding is in agree-
ment with earlier reports by Wegmann et al** and Sacks et al,
respectively, which posited that anti-inflammatory cytokines
were more expressed in the placental environment than the
proinflammatory cytokines. This phenomenon is protective to
the placenta and the fetus against inflammation, malaria parasite
invasion and rapid metabolism induced by growth factors for
fetal development. Moreover, the placenta can influence the
systemic cytokine profile, depending on the cytokine of interest.

Overall, the finding presented herein agrees with earlier
studies showing that malaria induces immune stimulation®
which is accompanied by the secretion of various cytokines.
According to D’Ombrain et al, > phagocytosis of the parasite,
the hemozoins or glycosylphosphatidylinositol and the para-
site toxin by the phagocytic cells causes immune stimulation,
resulting in the secretion of cytokines.*® Moreover, reactive
oxygen species such as hydrogen peroxide (H,0,), hydroxyl
(OH") and superoxide (O,") generated during oxidative stress
activate the leukocytes with the release of more cytokines.?’
Another factor that contributes to the secretion of cytokines
during malaria is the initiation of the coagulation cascade
consequent to endothelial damage. The endothelial walls
could be injured or damaged due to sequestration and adher-
ence of the parasite. It is pertinent to note that with damage of
the endothelial walls, hemostatic activities are initiated for the
repair of injured vessels and for preventing blood loss. Most
plasma proteins, especially the coagulation factors that are
initiated in the process, are inflammatory mediators, and the
release of an inflammatory mediator, such as coagulation fac-
tors and cytokines, causes the initiation or activation and the
concomitant secretion and release of another inflammatory
mediator.>” These results imply that the levels of cytokines
are raised by malaria infection.

Furthermore, when the values of the cytokines were
compared between the malaria-uninfected pregnant women’s
peripheral blood (group 2) and malaria-uninfected nonpreg-
nant women'’s peripheral blood (group 6), there was signifi-
cant elevation of TNF-o, IL-4, IL-6 and IL-10 in the former,
but with IFN-y, there was no significant difference. Data
obtained in this study are in accordance with this notion and
are supported by those obtained by Sacks et al,?’ in which the
cytokine levels were higher in pregnant compared to those in
nonpregnant subjects. In cyesis, the cytokines in the plasma
or serum are initially predominantly type-1 because the cir-
culating monocytes are primed to produce Thl cytokines,*
which are crucial in immune surveillance against pathogens.?
However, as pregnancy progresses, there is systemic transi-
tion to type-2 cytokines because overexpression of type-1
cytokines is deleterious to the viability of the fetus.'® This
finding reaffirms that normal pregnancy is considered to be
a state of controlled maternal mild inflammation, where the
levels of proinflammatory and regulatory cytokines are raised
compared to those in nonpregnant states.

In addition, the data in this study revealed that the total
leukocyte count was increased in the infected placenta than
in peripheral blood. This is in agreement with the afore-
mentioned reports that the uterus, endometrium, placenta
and trophoblasts are surrounded by monocytes, T cells and
natural killer cells.*® These immune cells may be positioned
to create an enabling environment such as the regulation of
the cytokine milieu, in order to ensure survival of the fetus by
warding off possible invasion of the placenta by pathogens. It
also suggests that a good number of white blood cells would
be recruited and these adhere to the vascular endothelial cells
during inflammatory or immune response, in this case, for
protection against the parasitic invasion of the placenta. In
addition, the level of leukocyte recruitment may depend on
the parasite density. Increased parasite density may attract an
increased and corresponding number of leukocytes.

Data obtained on the differential white blood cell count
show the number and type of leukocyte cell line that may
be preferentially increased against the parasite pathogen in
the peripheral and placental blood. In response to stress,
such as inflammation or infection, the polymorphonuclear
neutrophils in the storage pool are released into the circula-
tion. Normally, neutrophils are released in large numbers
predominantly more than any other leukocyte series. Che-
motaxis is greatly pronounced with neutrophils than with any
other leukocyte type, and this is expected to happen in order
that appropriate cellular response may match the increased
parasite density in the placenta. This could account for the
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elevated levels of the neutrophils in response to placental
malaria infection.

Regarding the lymphocyte series, this study found that the
lymphocytes were elevated in the placenta than in peripheral
blood in malaria-infected subjects. On immune activation,
the thymus-dependent lymphocytes (T cells) divide into two
populations — the effector lymphocytes which live for 2 days
and the memory lymphocytes that reverse to resting stage and
survive for many years.** The disappearance of the memory
lymphocytes from the circulation to the tissues such as the
placenta could create an imbalance, favoring the number of
lymphocytes in the placenta than in peripheral blood.

In the mixed differential category which comprises
monocytes, eosinophils and basophils, these cells are known
to move freely to engulf and digest microbes. Aside phagocy-
tosis, the monocytes specifically play the all-important role
as antigen-presenting cells in the peripheral blood, thereby
enhancing the innate immune response.* Under normal
conditions, monocytes/macrophages are positioned in the
uterus, endothelium, placenta and trophoblasts, and given the
fact that the number of monocytes released by hemopoietic
progenitor cells greatly outnumbers the eosinophils and
basophils, it is expected that the number of mixed differen-
tial white cells would have been higher in the placenta than
in peripheral blood. However, granted that there is massive
release of monocytes to the tissues, it is likely that the rate
of attrition of these cells is higher in the placenta because of
the inflammatory processes cited earlier.

Conclusion

This study has shown that malaria of pregnancy has the
propensity to induce immune activation with the release of
cytokines; however, variations exist in the measurement of
parameters between the placenta and the peripheral blood.
IFN-yis reduced in infected placenta than in peripheral blood,
whereas IL-10 and IL-4 are elevated (possibly to suppress the
expression of IFN-Y) in infected placenta than in systemic
circulation. In addition, the leukocyte counts may be raised
in the placenta than in peripheral blood. Therefore, measure-
ment of parameters in the peripheral circulation may not be
reflective of the cellular immune response in the placental
compartment of the same women. Consequently, administra-
tion of interventions on the assumption that the measurements
obtained from the peripheral blood would mimic activities
at the local materno—fetal interface could be misleading and
may not achieve the desired results. Moreover, it is suggested
that clinicians commence interventions early enough during
antenatal care, especially in malaria-endemic areas, in order
to promptly check the effect of malaria infection.
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