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ABSTRACT

Malaria is an important cause of severe anemia in pregnant women, and by this mechanism malaria causes around
10,000 maternal deaths each year. In the world, research on the malaria vaccine in pregnancy has also been
relatively neglected. In this paper, we studied the effects of gamma irradiated P. berghei injection to pregnant
mouse and its progenies. On the day 9 of pregnancy, a number of 150, 175 and 200Gy irradiated parasites in blood
were injected intraperitoneally to mouse. The monitoring of parasitemia in blood of pregnant and progenies were
started 3 days after infection and 2 weeks after delivery, respectively. The number, body weight and survival times of
progenies were recorded. Results showed that non irradiated parasites injection produced less progenies than those
of irradiated parasites. There were no parasites in blood of progenies of mother injected with non irradiated and
irradiated infected bloods. Peak of parasitemia and survival were similar in infected pregnant and non pregnant
mice, although devel opment of parasitemia was sightly accelerated in pregnant mice. We concluded that there were
no effects of parasite injection to number, body weightand survival time of progenies, suggesting no transmission of
parasites from mother to fetus. It is may be due to low number of parasite injected or disappearance of parasitesin
early age of progenies.
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INTRODUCTION

Each year, 25-30 million women become pregnant @taria-endemic areas of Africa, and similar numbsmes
exposed to malaria in Asia, Oceania, and South faét]. In recent years, the burden of malaria in pregnamcy
these areas has been estimated with some degceefafence [2,3]. However, some questions aboubtirden of
mortality and morbidity attributable to malaria pmegnancy remain unresolveldalaria is an important cause of
severe anemia in pregnant women worldwide, andisyrhechanism malaria causes an estimated 10,0G0mah
deaths each year globally [4]. Moreover, malarfadtions result in 75,000—-200,000 low birth weighbies each
year, due to combinations of preterm delivery agtdlfgrowth restriction [1,5]. Malaria also spanese but affects
mostly young children, travelers and pregnant woriding in endemic area. Maternal malaria has degietis
effect on developing fetus such as low birth weidgtial death or abortion [6,7]. Thus, pregnant wamespecially
primigravidae, are a priority group for vaccination
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Vaccines provide a potentially important way of yaeting malaria in pregnancy. Any highly effectivere-

erythrocytic vaccine that induces protection andas strain specific should protect against malari@regnancy.
Thus, once it has been established that a prerepyttic vaccine can induce a substantial and sustialevel of
protection in non-pregnant adults or children,ial to determine its ability to protect against ar& in pregnancy
would be justified [2].

Attenuated parasite vaccines have long been aresitéor malaria [8], and so far the major effadgevelop such
whole organism vaccines have focused on generatteguated sporozoites by radiation disruption woa$H9,10].
In comparison, less research has been done orndi@nes against the malaria blood stages whiches@onsible
for the clinical symptoms of the disease [8,11}eAtiated blood-stage vaccines produced by radifti®a 3], have
demonstrated effectiveness for protection agaiastgitemia and symptoms of severe malaria.

In the current study, we investigate the effectesmof radiation-attenuated blood-stage parasiteprbtection
against parasitemia and severe disease in expgdhreadels of malaria in pregnancy. Mouse malanaels have
clear advantages for the study of pregnancy assdciaalaria (PAM) pathology due to the relativersigestational
period that allows a reasonable experimental tirmmé& and to the availability of a wide variety ofrhunological
and genetic tools. This rodent is also the mosesgible and therefore is the best-studied expetahemalaria
model system. A number of studies of malaria irgpeast animals are available, including a recerdysadvocating
murineP. berghei infection as a useful model of PAM [14-16]. Howevitre report on the protective capability of
irradiated vaccine was not explored extensively] Hrere are no such studies on immunity and subdépgtto
infection in progenies available in PAM.

MATERIALS AND METHODS

Animals, parasites and infection

Swiss Webster mice of 4 weeks old at the startkgeement were maintained under standard cond{@&+3°C,
45-65% humidity). The animals had access to matligi@ndard mouse feed and water ad libidum. Allathienals
were acclimatized to laboratory condition for 5-&ysl before commencement of the experiment. All gidaces
were in accordance with National Regulations on mali Experimentation and Welfare, authorized by the
Indonesian Ministry of Health’s Animal Welfare Corittee. Infected blood containirf® berghel of ANKA strain
was obtained from donor mouse with 20 to 40% pteasa. Blood for innocular was obtained by cardieeding
using 3% sodium citrate as an anticoagulant. Erpanmtal mice received one innoculum of 0.2 miPofoerghei
which was applied intraperitoneally (IP).

Gamma irradiation

To attenuate parasite, freshly harvedtetlerghei-infected bloods were diluted in citrate phosphatetise (CPD)
as anti-coagulant to a concentration of abouUpafasitized red blood cells (pRBC) per millilitédne milliliter
aliquots of parasites were then immediately exposeghmma rays of a Cesium-137 source for variimas periods
at room temperature in IRPASENA Irradiator of then@r for Application of Isotope and Radiation Tralogy,
National Nuclear Energy Agency. Radiation dosesiusere 150, 175 and 200 Gy and the dose rate wa2 38
Gy/hour.

Parasitemia, body weight and survival in offspring

A group of females were put to mate and detectfdhevaginal plug and measurement of body weigrtewointly
used to time gestation, as previously describefl [Ye day of vaginal plug detection was considexgdestational
day one (D1). Pregnant females were subjected jextion of non irradiated and irradiated parasiésD9.
Pregnancy was confirmed between G10 and G13 wheeartimals had an average increase of 3—4 g in wedyht.
At delivery, the number of live newborns was regietl. Newborns parasitemia, body weight and surtinge
wererecorded started at 2 weeks after birth ardvfeld up to day 60. Non-infected injected pregrfantales were
used as controls.

Parasitemia obervations

For parastemia the blood of pregnant mouse and fhiegenies was used to make thin blood smear idessl
directly from each mouse’s tail snip, then air-drignd used for the RBC counts. The dry smear wesl fivith
absolute methanol and stained with 10% Giemsa3%or 20 min. Tap water was used to flood off thénsséad the
slide air-dried. The thin blood film was first exered using the x10 objective and then the monolggetion
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examined with x100 (oil immersion) objective. Thergentage parasitemia was taken at each followayptitht is
day 14 and thereafter.

RESULTS

We evaluated the effects of irradiated malaria §itga in pregnancy on survival and growth of progerat
organogenesis stages (D9) by analyzing progenies 14 pregnant females infected at D9 and fromreintected
pregnant females. Table 1 shows that the surviwa ©f pregnant mouse injected with irradiated pitea was
higher than those of non irradiated parasites fageenouse. They were survived for more than 40 .dape
percentage of parasitemia in pregnant mouse irjecih 150 and 175 Gy irradiated parasites was nhonler than
non irradiated one on days after injection. Thehbfd percentage (1.0-2.0%) was observed in thg dayls post
injection and then decreased to 0% and mice wereustbed to infection (Figure 1).

Table 1. The survival time and number of progeniedelivered by irradiated P. berghei infected pregnant mouse.

No. Dose of Parental - Progeny -
pregnant Radiation (Gy)  Survival time (day) No. dellvgred No. infected Survwal
mouse (mean’ (percentage time (day)
5 0 10-29 3-4 (3.5 0(0) >2C
3 150 >40 8-10(9) 0 (0) >20
3 175 >40 6-7(6.5) 0 (0) >20
3 20C >4C 4-7 (5.3 0(0 >20

The number of progenies delivered was irradiatioseddependence. The number was decreased withctleasing
dose of radiation given to the injected parasités D9 of pregnant mouse. Dose of 150 Gy was mffeetese in
protecting the pregnant mouse by maintaining ttghdri number of progenies delivered and more sthbty
weight compared to doses of 175 and 200 Gy. Thitaioty related to the protection of pregnant mfoem
maternal anemia, low birth weight, and decreasé#ér lisize.This was supported by macroscopic (physic
observation conducted in other research on malagaine that showed that liver and spleen of mdnjeeted with
150 Gy irradiated parasites were fresher compardtidse of 175 Gy and 200 Gy [18]. Higher doser@diation
results in darker color of liver and spleen du¢hi® higher contents of digested hemoglobin by thegtes. The
body weight of O Gy irradiated parasites injectesuse was sometimes decreased that might be dbe todt or
death of fetus.

50 -
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X 10 - 175 Gy
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Figure 1. The percentage of parasitemia of pregnamhouse post injection with gamma irradiatedP. berghei infected mouse blood.

Two weeks after birth there was no parasites fdanthe blood of progenies of mother injected wiB0,L175 or
200 Gy irradiated infected blood. No significanffelience found between these doses. The resutisshtsved that
there was no effect of irradiated parasite to thelmer and survival time of progenies. It is preglicthat may be
due to lower number of parasites injected into reoldoreover the observation of parasitemia in pnégge was
started two weeks after their birth that means plaaasites already disappeared in early age okepies.
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Body weights of pregnant mice were recorded ddilljce exhibited an increase in body weight during th
pregnancy that certainly due to the fetal develammidigh reduction in body weight in mice was daeltlivery on
day 21 of pregnancy (13 days post injection). Itnsethat there is no effectof parasite injectiorttoa longevity of
pregnancy. However, the injection of irradiatedasées on day 9 of pregnancyaffected the body wei§mouse.
Non irradiated parasites injection was adversedigcaéd the fetal growth. Their body weightswere dothan those
of injected with irradiated parasite.Of five preghanice progressed to delivery, only three wassexiup to day
18 post injection (Table 1). Two other mice did detivered progenies due to fetal loss that hadiwed at least
several days earlier before delivery. Fetal lossnis of the most severe and understudied consegsi@fienalarial
infection in pregnant women living in areas of lemdemicity.

For non irradiated parasites, peak parasitemiavatlg inoculation with parasite-infected murine teargcytes and
survival were similar in infected pregnant and poegnant mice, although development of parasiteméanemia
was slightly accelerated in pregnant mice. Pregna@oé confer an increased susceptibility to maland showed
that pregnant mice experienced slightly faster éase in parasitemia as compared to non-pregnardléem
Parasitemia in pregnant mice was 63.9% on day 2%ipfection as compared to 57.1% in non-pregnaitem
(Figure 2).

The survival to infection was reduced in pregnaittemwith all deaths occurring between day 1 (suedti1l0 days)
and day 20(survived 29 days) post-infection on D&t not shown). In contrast, the majority of noegmant
infected females survived until day 30 post-infectiAverage survival time for pregnant and non-peeq infected
mice was 17.5 and 22.5 days, respectively. Somerarpnts found the mouse survived until more th@rd&ys.
These results suggest that, similarly to humansgmant mice show increased susceptibility to malarfection
which may affect their progeny or compromise premgya Figure 2 shows the increased malaria susdkptiin
pregnant mice infected with. berghei of ANKA strain and data were obtained from two engurvived until more
than 20 days.
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Figure 2. Increased malaria susceptibility in pregant Swiss Webster mice infected witt®. berghei of ANKA strain.

In Figure 2, plots represent cumulative resultshoée independent experiments in a total of 5 pgagand 3 non-
pregnant females. Parasitemia curves were datatspoapresent mean. From day 3 post-infection onsvard
parasitemia was higher in pregnant females. Sureiweves up to 10 days after infection show thavisal time of
pregnant female mice are lower than in controlshtiuld be noted that non-pregnant females diedlater stage
with hyperparasitemia.

Figure 3 shows the microscopic observation of pmaa in blood of mouse injected with non irradidtparasites
5 days after injectionwhere high density of paessitl3.2%) was found. This is significantly differevith 150 Gy
irradiated parasites &f. berghel ANKA strain injected mouse.
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Figure 3. Microscopic observation of parasitemia irblood of mouse injected with non irradiated (leftjand 150 Gy irradiated (right)
parasites ofP. berghei ANKA strain 5 days after injection. The observationwas with 1000 times magnification.

DISCUSSION

Pregnant women are susceptible to malaria duriegmancy.P. falciparum, which sequesters in the placenta,
causes the greatest disease, contributing signtficeo maternal and infant mortality [19]. The setyeof PAM has
been associated with the ability of parasitizedtencytes to bind to a sugar present in the plagestiondroitin
sulfate A (CSA). After several pregnancies, womequie protective antibodies that block CSA-bindihg the
present study, we show the features of irradif®eberghei injected during pregnancy that is consistent witl t
current understanding of PAM pathogenesis andimtyui the mouse model, pregnancy-associ&eberghei-
infection has adverse consequences for the pregmaatandtheir offspring.

Early studies on the interrelationship of maland garegnancyin mice usé&dlasmodium berghei. These studies, also
in our study, reported a more severe clinical ceunspregnant animals, with maternal mortality afdbss, and
reduced litter size. However, Poovassery, J. andr®al.M [20] stated that this model is not suiatnal study the
development of early maternal antimalarial immumsponses or the impact of malarial infection onlyear
pregnancy, because the infections were initiatedan7 of pregnancy and were lethal to the mothex.series of
papers published in the '80s, Van Zon and coworfg6§ developed a mouse model to study the impdct o
pregnancy on immunity tB. berghei infection. Importantly, they used the model to destoate pregnancy-related
recrudescences accompanied by severe clinical syngpin mice with preexisting acquired protectivariomity.
However research on malaria vaccine for pregnareated with irradiation is very rare.

Pregnancy modulates the immune system in orderdteq the developing fetus from maternal immurtackt
many malaria researchers started to see PAM as inbeitable consequence of pregnancy-associated
immunosuppression. From this, the development aatliation of programs to prevent malaria in pregyacan be
facilitated by a better understanding of the pa#imegis of malaria.Malaria in pregnancy is detriraketd the fetus.
High grades of fever, placental insufficiency, hglygemia, anemia and other complications can aleeskly affect
the fetus. BothP. vivax and P. falciparum malaria can pose problems for the fetus, with I#ieer being more
serious. The prenatal and neonatal mortality may fram 15 to 70%. In one study conducted by Hagistie@t al
(2007) it was found that the mortality due Rovivax malaria during pregnancy was 15.7% while that tup.
falciparum was 33%. Spontaneous abortion, premature birilh,bgth, low birth weight, fetal distress are the
different problems observed in the growing fetusanBplacental spread of the infection to the fefs result in
congenital malaria [21].

Experimental study of malarial infection during gmencyis particularly problematic, as ethical aodidtical
constraints limit the longitudinal sampling of pnegnt women and the placenta is inaccessible uelivety. An
easily manipulable rodent model for malaria in prEwcy would be of great use in overcoming thesgdiions and
improving our understanding of the immunologicasibdor the poor fetal outcome in non immune pregmaomen
in areas of low endemicity. Therefore this resedalery important and urgently needed.

It is agreed that eradication of malaria is notgias with current tools and that research and ldgweent of cost-
effective deployable vaccine will be needed tolfiate eradication. Vaccines are often the most-effective tools
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for public health and are an area of intensive aede However, there is no effective vaccine thas heen
introduced into clinical practice [22]. Moreoveretimechanisms that control the malaria parasite resipa in
pregnancy are still poorly understood and not amlentor study in human subjects.Some important fteps in
the development of a vaccine against pregnancyeaged malaria are being done by many researckars. of
them is the determination of efficacy of irradiateatcine on pregnancyaccination during pregnancy is unlikely
to be the most effective way of deploying malanapregnancy vaccine because it may be importapirdtect
women from malaria during the first trimester oégnancy before they present at an antenatal clinic.

Other studies in rats by Bruce-Chwatt, L[23] usithg parasiteP.berghei established that varying levels of
resistance to malaria infection could be transtefrem a mother to her offspring during lactatidiwo further
studies in mice withP. vinckei and in rats withP. berghei also determined that this resistance was due tariaal
parasite-specific Abs present in the milk [24].Altlgh the actual role of maternally derived Abs remdo be
established, their presence in the infant and rtecisanot disputed. The route of transfer of Almrfrmother to
offspring differs between humans and mice. Humapliae their Abs placentally, whereas rodent pupguie
theirs both placentally and in the milk, with theegtest acquisition occurring during the sucklirgigd after birth
[25]. Although the route of transfer may differgtpresence of Abs at birth and for a limited doratfter birth is
similar. This research on the post natal injectibattenuated parasites is being conducted inaharhtory.

We have studied the effects of gamma attenuateabsipes by injecting them on day 9 of pregnancy ihagual or
similar with the day 20 of pregnancy in human. Tdtege is characterized by the formation of mastriral organs
and external body structures. This stage of pregnanthe time of organ formation that begins aluteeks after
human fertilization, when the embryo elongatest fsuggesting a human shape. Shortly thereafiegqriba that will
become the brain and spinal cord (neural tube)nsetp develop. The heart and major blood vessefinbe
develop by about day 16 or 17. The heart begirputap fluid through blood vessels by day 20, andfitts¢ red
blood cells appear the next day. Blood vesselsimoatto develop in the embryo and placenta [26]. olo
knowledge this is the first research that had lzk®re on the protective efficacy of gamma rays atited parasites
as malaria vaccine in pregnancy.

CONCLUSION

In summary, there wereno effects of irradiated gigea of all gamma ray doses on the number, bodghye
parasitemia and survival time of progenies. It nsedrat there was no transmission of irradiated gii@s from
mother to the fetus during pregnancy. It is maydbe to low number of parasite injected or disapgpeee in early
age of progenies.Inline with our results in tReberghei model, it might be need to use the higher number o
concentration of attenuated parasites injectedth@another that might have an impact in progearesobserved in
as early as possible of age of progenies. Pregniet show increased susceptibility to malaria itifecwhich may
affect their progeny.
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