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We have recently designed a new Plasmodium falciparum mouse model and documented its potential for the
study of immune effector mechanisms. In order to determine its value for drug studies, we evaluated its
response to existing antimalarial drugs compared to that observed in humans. Immunocompromised BXN
(bg/bg xid/xid nu/nu) mice were infected with either the sensitive NF54 strain or the multiresistant T24 strain
and then treated with chloroquine, quinine, mefloquine, or dihydroartemisinin. A parallelism was observed
between previously reported human responses and P. falciparum-parasitized human red blood cell (huRBC)-
BXN mouse responses to classical antimalarial drugs, measured in terms of speed of decrease in parasitemia
and of morphological alterations of the parasites. Mice infected with the sensitive strain were successfully
cured after treatment with either chloroquine or mefloquine. In contrast, mice infected with the multiresistant
strain failed to be cured by chloroquine or quinine but thereafter responded to dihydroartemisinin treatment.
The speed of parasite clearance and the morphological alterations induced differed for each drug and matched
previously reported observations, hence stressing the relevance of the model. These data thus suggest that P.
Sfalciparum-huRBC-BXN mice can provide a valuable in vivo system and should be included in the short list of

animals that can be used for the evaluation of P. falciparum responses to drugs.

In the absence of a long-awaited effective vaccine, antima-
larial drugs remain the main means by which to control mor-
bidity and mortality due to Plasmodium falciparum malaria.
Although several antimalarials are available, P. falciparum has
gradually developed resistance to nearly all of them. Further-
more, the prevalence and degree of resistance are increasing
and the pipeline of new antimalarial compounds is drying out
(26). Thus, there is an urgent need to find either new combined
therapies using available compounds or to develop new anti-
malarial drugs to replace failing ones. However, among the
various reasons for the shortage of new drugs are the small
number of animal species receptive to P. falciparum and their
price.

Immunodeficient mice have been widely used as xenogeneic
transplantation models allowing in vivo investigations of hu-
man cells and organs. Recently, Badell et al. developed a
model (1) in which P. falciparum-parasitized human red blood
cells (P. falciparum-huRBC) can be grafted into immunodefi-
cient (bg/bg xid/xid nu/nu) BXN laboratory mice (P. falciparum-
huRBC-BXN). In this mouse strain, which lacks T-cell,
LAKC, and T-independent B-cell functions, a main factor in
the survival of P. falciparum is the concomitant decrease in
innate, nonadaptive immunity. Through chemical reduction of
tissue macrophages and blood leukocytes, in vivo development
of medium-grade P. falciparum parasitemia can be obtained in
these mice in several weeks. This new model may eventually
provide a valuable tool with which to investigate the biology of
this malaria parasite under in vivo conditions and therefore
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facilitate research in the fields of chemotherapy and vaccine
development.

The goal of the present work was to investigate the potential
value of this new animal model for antimalarial drug studies.
This could be achieved only by using those drugs whose effects
in humans are well established. Immunocompromised BXN
mice were infected with the drug-sensitive NF54 strain or the
multidrug-resistant T24 strain and treated with chloroquine,
quinine, mefloquine, or dihydroartemisinin. We compared in
vivo data obtained from the P. falciparum-huRBC-BXN
mouse model with the drug sensitivity of strains determined in
vitro and with the response usually observed in natural infec-
tions of humans.

MATERIALS AND METHODS

Mice. Six 8-week-old male and female BXN mice were used. They were
purchased from Charles River, kept in sterile isolators, and provided with auto-
claved tap water and a +y-irradiated pelleted diet ad libitum. Mice were manip-
ulated under pathogen-free conditions under laminar-flux hoods. All animals
were treated according to laboratory animal guidelines.

Parasites. The P. falciparum African NF54 strain and the Thailand T24 strain,
obtained from the Paediatrics Service of Bangkok (8), were employed in this
study. Strains were maintained at 5% hematocrit in complete culture medium at
37°C in a candle jar. This medium contained RPMI 1640 medium (Gibco BRL,
Grand Island, N.Y.), 35 mM HEPES (Sigma, St Louis, Mo.), 24 mM NaHCO;,
0.5% Albumax (Gibco BRL), 1 mg of hypoxanthine (Sigma) per liter, and 5 g
of gentamicin (Gibco BRL) per ml. The cultures were synchronized twice weekly
by Plasmagel (Roger Bellon, Neuilly-sur-Seine, France) floatation (20). When
required, parasites were subjected to 5% sorbitol treatment (29) in order to
obtain highly synchronized cultures.

huRBC. huRBC were collected by venipuncture on either CPD anticoagulant
(MacoPharma, Tourcoing, France) or sodium heparin (Sanofi Winthrop, Gen-
tilly, France). Blood donors had no history of malaria and belonged to the AB*
or A" blood group. Whole blood was centrifuged at 500 X g for 10 min at 20°C.
The buffy coat was separated, and packaged RBC were suspended in SAGM
(MacoPharma) and kept at 4°C for a maximum of 30 days. Before use, huRBC
were washed three times by centrifugation at 300 X g with RPMI 1640 medium
supplemented with 1 mg of hypoxanthine per liter.
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FIG. 1. Evolution of P. falciparum parasitemia in seven untreated mice. Mice were inoculated i.p. with 1 ml of highly synchronized cultures of
P. falciparum at the ring stage on day 0. After infection, mice received normal RBC every 3 to 4 days. Parasitemia in mice was expressed as the
percentage of P. falciparum-huRBC in the total RBC observed in thin smears. The data shown are from the first day of detectable parasitemia up

to the day the mice were used for other malaria studies.

Protocol of immunomodulation and grafting of P. falciparum-huRBC. P. fal-
ciparum development in mice induces a strong increase in tissue macrophages,
particularly in the liver, the spleen, and the peritoneal cavity, as well as in
circulating polymorphonuclear neutrophils and monocytes. The number of tissue
macrophages in BXN mice was reduced by using dichloromethylene diphospho-
nate (Cl,MDP), a gift from Roche Diagnostique, Mannheim, Germany, encap-
sulated in liposomes as described previously (40). The increase in polymorpho-
nuclear neutrophils was controlled by using an NIMP-R14 monoclonal antibody
(21). The hybridoma was a gift from Malcom Strath. Mice initially received an
intraperitoneal (i.p) injection of NIMP-R14 (300 pg per mouse), and 2 days later
they received an injection of 0.2 ml of CI,MDP by the same route. Three days
later, mice were inoculated i.p. with 1 ml of a suspension of highly synchronized
ring forms (parasitemia, 0.3 to 0.6%) at 50% hematocrit in RPMI 1640 medium
mixed with 300 pg of NIMP-R14. After infection, 1 ml of washed huRBC at 50%
hematocrit was injected i.p. together with NIMP-R14 every 3 to 4 days, and
CLMDP was injected every 4 to 5 days.

Thin smears of peripheral blood samples taken from the tails of the mice were
prepared and stained with Giemsa. Since successfully grafted mice have 85 to
99% huRBC in their peripheral blood, parasitemia in mice was expressed as the
overall percentage of P. falciparum-infected RBC observed in thin smears. Blood
samples were used to determine the percentage of huRBC in the peripheral
blood by the immunofluorescence technique using a fluorescein isothiocyanate-
labeled anti-human glycophorin monoclonal antibody (Dako, Glostrup, Den-
mark).

In vitro drug sensitivity assay. Two assays were performed to determine the
50% inhibitory concentrations (ICs,) for each strain. A suspension of P. falci-
parum-huRBC (2% hematocrit and 0.005% parasitemia) in complete culture
medium was distributed in a 96-well plate (200 pl/well) containing various con-
centrations of antimalarial drugs. Twofold dilutions were studied so that the final
drug concentrations ranged from 5.4 to 2,870 nM for chloroquine, from 6.5 to
3,333 nM for quinine, and from 1.4 to 722.8 nM for both mefloquine and sodium
artesunate. Each antimalarial range was tested in duplicate. After 48 h of culture
at 37°C in a plastic candle jar, microcultured plates were frozen to stop parasite
development. Parasite growth at each drug concentration was determined by the
colorometric DELI method (9). Drug sensitivity was expressed as the concen-
tration of the drug that resulted in 50% inhibition of parasite growth (ICs,)
compared to that of control wells without the drug. The cutoff IC5ys between
sensitivity and resistance were >100 nM for chloroquine, >300 nM for quinine,
and >30 nM for mefloquine (4, 5).

Antimalarial treatment. To validate our model, we tested the main antima-
larial drugs used to treat P. falciparum infections, i.e., chloroquine sulfate
(Rhone-Poulenc-Rorer, Vitry, France), quinine hydrochloride (Sanofi, Montpel-
lier, France), mefloquine hydrochloride (a gift from H. Matile, Hoffmann-La
Roche, Basel, Switzerland), and dihydroartemisinin (kindly supplied by P. Ol-

liaro, World Health Organization, Geneva, Switzerland). Chloroquine sulfate
was dissolved in RPMI 1640 medium and quinine was dissolved in a 10% glucose
solution. A 10% solution of dimethyl sulfoxide (Sigma) in sterile water was used
to dissolve mefloquine. Dihydroartemisinin was administrated as a suspension in
sterile water.

In order to determine the mouse equivalents of the therapeutic regimens
employed for human beings we relied on the work of Freireich et al. (12). Those
authors found that the doses used for humans are approximately 1/12 of the dose
used for mice, 1/9 of the dose used for hamsters, and 1/7 of the dose used for rats.
Following preliminary experiments, we decided to use the coefficient for rats
because initial experiments showed substantial toxicity of the doses used for
mice. For mefloquine and dihydroartemisinin, which underwent recent rodent
toxicity studies (whereas no such data are available for chloroquine and quinine),
the doses were adjusted to the maximum acceptable based on mouse toxicity
studies (27). Chloroquine, quinine, and dihydroartemisinin were administered
orally (using a gastric cannula for delivery), whereas mefloquine was injected i.p.
Three mice received chloroquine at a dose of 73 mg/kg/day for 2 days and 36.5
mg/kg on the third day. Mefloquine was given to two mice at a dose of 50
mg/kg/day for 2 days. Two mice received a first chloroquine treatment by the
regimen described above, followed by treatment with dihydroartemisinin at a
dose of 50 mg/kg/day for 2 days. Two mice treated with quinine received 73
mg/kg three times a day, i.e., 219 mg/kg/day, for 5 days.

Drugs were administered when parasitemia had been stable for at least 6 days
and when ring forms were the predominant stage. For each antimalarial drug, the
parasite clearance time and parasite reduction rate after 48 h of treatment were
determined. These parameters led the estimation of the in vivo response to drug
treatment of different strains, which were classified as S, RI, RII, and RIII, in
accordance with World Health Organization nomenclature (42). Blood schizon-
ticidal effects upon each stage and parasite morphology were also recorded in
order to assess indirectly the possible modes of action of these antimalarials in
our model.

RESULTS

In vitro responses of strains to drugs before and after pas-
sage in mice. We selected the drug-sensitive NF54 strain and
the multidrug-resistant T24 strain for this study. Since parasite
response to drugs can be modified following cryopreservation,
culture, or in vivo passage, we monitored the in vitro drug
susceptibility patterns of each strain before and after passage
in mice. For the NF54 strain maintained under culture condi-
tions, the chloroquine, quinine, mefloquine, and dihydroarte-
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FIG. 2. Evolution of parasitemia in P. falciparum-infected mice
before (continuous line) and after (discontinuous line) antimalarial
treatment. Open symbols indicate the days of treatment. (A) Chloro-
quine was administered to three mice at a dose of 73 mg/kg on the first
2 days of treatment and at 36.5 mg/kg on the last day. (B) Mefloquine
was administered to two mice at a dose of 50 mg/kg. (C) After failed
chloroquine treatment (closed arrows) of two mice, they were treated
with dihydroartemisinin (open arrows) at 50 mg/kg. (D) Quinine at 73
mg/kg was administered three times per day to two mice.

misinin I1Cs,s were 15, 100, 20, and 4 nM, respectively, while
for the T24 strain, the ICys of the same antimalarials were
1,122, 1,170, 13, and 3 nM. These results confirmed that NF54
was sensitive to the four antimalarial drugs while T24 was
highly resistant to chloroquine and quinine. The in vitro drug
susceptibility patterns of the T24 strain, measured after pas-
sage in two mice for 12 days when the parasitemia was stable,
were similar to those previously determined for the in vitro-
cultured strain. These results are indicative of absence of se-
lection of the strain by passage in mice.

In vivo antimalarial effect upon P. falciparum in P. falcipa-
rum-huRBC-BXN. In agreement with other findings (2), the
improved protocol led us to obtain consistent and sustained
parasite growth in huRBC-BXN mice. As shown in Fig. 1, low
to moderate levels of parasitemia were obtained. In fact, they
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could persist as long as uninfected huRBC were regularly
transfused into mice and the immunomodulation protocol was
continued. Furthermore, despite individual variations in the
maximal parasitemia reached, the parasitemias observed were
stable enough to allow assessment of the in vivo effect of an
antimalarial agent.

In three mice chloroquine rapidly cleared the drug-sensitive
NF54 strain, as evidenced by a 20- to 40-fold decrease in
parasitemia within 24 h (Fig. 2A) and full clearance within 48
h. Two mice infected with the same strain were successfully
cured by mefloquine, but parasite clearance, at 3 days, was
slower than that observed with chloroquine (Fig. 2B). In con-
trast, in two mice infected with the multiresistant T24 strain,
chloroquine treatment was ineffective parasitemia levels only
decreased from 7 to 6% and from 2 to 1.4%, (Fig. 2C). Two
days after chloroquine treatment was discontinued, para-
sitemia had increased to 11.6 and 1.9% in these mice. They
were therefore subsequently treated with dihydroartemisinin,
which showed potent growth-inhibitory activity against the
multiresistant T24 strain. Parasitemia decreased to below
0.005% within 24 h in both mice and fully disappeared within
2 days (Fig. 2C). Quinine also failed to cure two mice infected
with the drug-resistant T24 strain (Fig. 2D), as there was no
significant change in parasitemia over 5 days of treatment.

Compared to antimalarial treatment of humans (Table 1),
NF54-infected mice showed responses to chloroquine and me-
floquine which were similar, in terms of parasite clearance time
and parasite reduction rate, to those obtained in treated hu-
mans. Similarly, in the four mice infected with the multidrug-
resistant T24 strain, chloroquine or quinine treatment led to
less than 75% parasite reduction, which is indicative of an RIII
level of resistance to these two antimalarials. The parasitolog-
ical responses to dihydroartemisinin of this multidrug-resistant
strain proved to be similar to those currently reported in hu-
mans using dihydroartemisinin or related compound in the
presence of chloroquine and quinine resistance.

Stage-dependent morphological observations. Changes in
the morphology of each stage of the erythrocytic cycle follow-
ing antimalarial treatment were recorded to assess indirectly
the mode of action of each antimalarial drug in our model and
compare it to published data. In contrast to cultures, and
similar to the situation in humans, there is a trend toward
spontaneous synchronization of the erythrocytic cycle in the P.
falciparum-huRBC-BXN model. We decided to initiate anti-
malarial treatment when ring forms were predominant (Table
2). As a consequence of chloroquine treatment, schizont for-
mation was interrupted at 24 h. Pycnotic uninucleate forms and
altered trophozoites were predominant, while few healthy
rings remained visible. Chloroquine-altered trophozoites were
characterized by a lack of malaria pigment, compared to un-
treated controls (Fig. 3). At 48 h, only pycnotic forms could be
seen. In contrast, the morphological effects induced by meflo-
quine upon NF54 parasites differed from those observed with
chloroquine. At 24 h, altered trophozoites were predominant
(72%) (Table 2), the majority of them presenting a cytoplasm
which contained numerous vacuoles and no malaria pigment
(Fig. 3). At 48 h, such atypical trophozoites could still be
observed but the percentage of pycnotic forms had markedly
increased (54%) (Table 2) and few apparently healthy ring
forms remained. In contrast, in mice infected with the multi-
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TABLE 1. Parasitological responses to treatment of P. falciparum-infected humans and BXN mice

Chloroquine Mefloquine Dihydroartemisinin
Infec.ted Time to % Reduction in Time to % Reduction in Time to % Reduction in
Organisms parasite parasitemia at parasite parasitemia at parasite parasitemia at
clearance (h)* 48 h clearance (h)” 48 h clearance (h)* 48 h
Humans 75 £ 18 92.1 88 = 11 94.6 46 =23 100
Mice 48 100 72 97.9 48 100

“ Human response data were collected from previously published reports of chemotherapy field studies (2, 5, 6, 8, 9, 11-14, 16, 20-22, 28, 29, 33-37, 39). Results are

expressed as the arithmetic mean * the standard deviation of the mean.

drug-resistant T24 strain, chloroquine or quinine induced few,
if any, changes in the morphology of parasites or in the stage
pattern. A low percentage of pycnotic forms could be detected
(11 to 16%), but the strain still grew and developed normally
over the following days (Fig. 3). Dihydroartemisinin showed a
profound effect upon the T24 strain. At 24 h after initiation of
the treatment, pycnotic parasites (72%) and altered trophozo-
ites (16%) were already predominant. However, interestingly,
small proportions of apparently healthy rings, trophozoites
(1%), and schizonts (3%) were still observed (Table 2). At
48 h, all of the rare forms still visible were pycnotic (Fig. 3).

DISCUSSION

The present study shows that the P. falciparum-huRBC-
BXN model, in which BXN mice are grafted with huRBC
infected with two different strains of P. falciparum, can be
employed as a tool with which to evaluate in vivo responses to
antimalarial drugs, as demonstrated by the blood schizonticidal
effects of chloroquine, quinine, mefloquine, and dihydroarte-
misinin.

The effects of these antimalarial drugs have been widely
documented in P. falciparum-infected humans, providing a
positive control with which to determine the value of the P.
falciparum-huRBC-BXN model for antimalarial chemother-
apy (3, 4, 6, 7, 10, 11, 13-16, 18, 22-24, 30, 31, 35-39, 41). As
summarized in Table 2, the preliminary results suggest that
responses to treatment observed in P. falciparum-huRBC-
BXN mice parallel those reported in humans infected with P.
falciparum in terms of parasite clearance and parasite reduc-
tion rate. This applies to strains which are susceptible and
those which are not.

The effects of these conventional antimalarial drugs on par-
asite morphology or targeted stages of development were also
compared with those obtained from treated humans. However,
due to sequestration of maturing forms in humans, the results
also had to be compared with data from in vitro studies. Chlo-

roquine seems to act on dividing forms, and this is a likely
explanation for the absence of schizonts following chloroquine
treatment. This finding may be related to the fact that the drug
can affect both protein synthesis and DNA replication (25),
leading to schizont destruction. After treatment with meflo-
quine, we observed a loss of structural integrity, resulting in
multiple vacuoles, which is in keeping with the in vitro findings
reported by Jacobs et al. (17). Similarly, we found that dihy-
droartemisinin was highly effective against all stages of the
parasites (34), and Kombila et al. (19) observed that 24 h after
the treatment of infected children with artemether, all of their
parasites were abnormal. Thus, the similarity of effects on
parasite morphology and parasitic stages in our model or in
treated humans and in vitro studies suggests that the modes of
action of these antimalarial drugs are also similar.

Taken together, the available data on the speed of clearance
and targeted stage tend to validate the use of this model for
chemotherapy studies of P. falciparum malaria.

A major practical problem in drug discovery studies is the
scarcity of animal models receptive to P. falciparum, due to the
strict host specificity of the parasite. This explains the current
emphasis on in vitro cultures of the intraerythrocytic stages of
P. falciparum, despite their limitations. The most evident lim-
itation is their inability to detect the antimalarial activity of
prodrugs, e.g., proguanil, that require in vivo metabolism to
reach an active form. Another limiting factor is that the as-
sessment of a given compound only by in vitro methods is
imprecise, as it does not supply any information about its
pharmacokinetics, an essential parameter of its potential.

In this context, the P. falciparum-huRBC-BXN model pro-
vides a totally new and interesting opportunity to work with the
most relevant parasite target, P. falciparum, under in vivo con-
ditions. Thus, it is important to note that now P. falciparum
infections can be obtained not only in South American mon-
keys (32, 33) but also in small experimental animals. Whereas
mice are easy to reproduce under laboratory conditions, mon-

TABLE 2. Parasitic pattern in P. falciparum-huRBC-BXN model after treatment with conventional antimalarial drugs

Day 0 Day 1 Day 2 Day 3
Drug Strain g, ¢ % of % of % of % of % of' % of % of % Of. % of % of % of‘
rines  trophozoites schizonts rings altered pycnotic rings altered pycnotic . altered pycnotic
&8 P c i &S trophozoites ~ forms & trophozoites ~ forms trophozoites ~ forms
Chloroquine NF54 78 4 18 10 26 64 0 0 100 0 0 100
Mefloquine NF54 59 5 36 7 72 21 3 43 54 0 0 100
Dihydroartemisinin  T24  51° 0° 224 4° 16° 76> 0 0 100 0 0 100

“ The percentages of pycnotic forms and altered trophozoites after chloroquine treatment were 16 and 11%, respectively.

® The percentages of trophozoites and schizonts were 1 and 3%, respectively.
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FIG. 3. Morphological changes induced in vivo by chloroquine, mefloquine, and dihydroartemisinin (DH-Artemisinine) in multiresistant strain

T24 and sensitive strain NF54.

keys are in limited supply and expensive. Therefore, only a
limited number of monkeys can be used in each experiment,
which indeed limits the number of new compounds being stud-
ied in vivo and the number of parameters investigated, such as
dose finding. Monkeys are difficult to handle, they require a
dedicated staff and setup, and they can be infected with only a
small number of adapted P. falciparum strains, which restricts
the scope of genetic diversity studies. In contrast, huRBC-
BXN mice have the advantage of susceptibility to apparently
any parasite, either derived from in vitro cultures or sampled
from infected humans, without the need for prior adaptation
(the growth of three freshly collected isolates could be ob-
tained in BXN mice, whereas these failed to be adapted under

in vitro conditions). Our results suggest that the passage of the
strain in P. falciparum-huRBC-BXN mice does not induce a
detectable change in their drug susceptibility patterns or in the
genetic makeup of the complex mixture of clones that consti-
tute an isolate or a strain. (This was determined after 2 months
of parasitemia in BXN mice [i] by PCR amplification of poly-
morphic regions of MSA1, MSA2, CS, and TRAP which
showed the same clonal content as the strain initially inocu-
lated and [ii] by the stability of the ICs,s of four antimalarial
drugs.)

The P. falciparum-huRBC-BXN model also differs from the
P. berghei rodent model commonly used to assess the bioavail-
ability of antimalarial compounds (28, 42). However, use of the
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P. berghei model following primary in vitro screening upon P.
falciparum, in fact, introduces two variables at once (host and
parasite species); hence, interpretation of the results obtained
is difficult. The information obtained from such studies cannot
be reliably extrapolated to P. falciparum in humans. In con-
trast, the P. falciparum-huRBC-BXN model offers the oppor-
tunity to evaluate bioavailability at an early stage, on a large
scale, and by working with the same target parasite as the one
used in vitro.

Another possible advantage of the P. falciparum-huRBC-
BXN model is that chronic, stable, and long-lasting para-
sitemia can be obtained without killing the animal. This situ-
ation is closer to that of humans than the fast-rising and high
parasitemia seen in monkeys, as well as in other rodent models.
Indeed, as shown in our study, successive therapies can be
tested in the same animal, depending on the susceptibility of
the strain. In this manner, the individual and combined effects
of several compounds could be evaluated so as to define new
drug combinations, taking into account the pharmacokinetics
of each component. Although the aim of this work was to study
the relevance of this model in chemotherapy studies, its use is
not limited to this area. The similarity of responses to antima-
larial treatment in the P. falciparum-huRBC-BXN model and
in infected human beings suggests that this model will also be
valuable for studying the biology of human Plasmodium infec-
tions and immune responses to this parasite (2). Major ad-
vances in the development of this model have been made since
our first report (1). The course of parasitaemia is reproducible
in ca. two-thirds of the mice succesfully grafted, and the num-
ber of mice which cannot be grafted has been reduced. The
parasitemia is uninterrupted for several weeks once it has
started, except for the rare deaths. The model remains time-
consuming to handle, and a moderate failure rate can still be
observed, which is a constraint and a partial limitation to scal-
ing up. However, it is also clear that this model is still in its
infancy and recent observations suggest that it will be possible
to further improve it in the near future. Moreover, the number
of mice which can be enrolled in such studies is almost unlim-
ited, as opposed to primates susceptible to human malaria.

Finding effective antimalarial treatments is a world health
priority. The present study demonstrates that the P. falcipa-
rum-huRBC-BXN model offers a number of significant advan-
tages over previous models. (i) This is the first rodent model in
which P. falciparum can be maintained. (ii) Rodents, not mon-
keys, are needed to examine the large number of compounds
involved in initial drug development. (iii) This model may
accept a wide range of clinical isolates. (iv) The real advantage
of this model is that it is the first rodent model in which the
drug susceptibility of a human parasite, pharmacokinetics, and
toxicology can all be determined. Therefore, it should be in-
cluded in the very short list of models in which P. falciparum
drug responses can be evaluated.
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