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Abstract: Levels of platelets and other hematological values were monitored in 21
Saimiri and 12 Aotus monkeys over a period of three weeks post-infection with
monkey-adapted Indochina CDC-1 strain of Plasmodium falciparum. In both Saimiri
sciureus boliviensis and Aotus nancymai. karyotype-1 monkeys the severest thrombocy-
topenia - was observed at 14 days post-infection coinciding with peak parasitemia,
neutropenia, lymphocytosis, and anemia associated with severe hemoglobinemia and
elevated fibrinogen degeneration products(FDP’s). MCH and MCV profiles in Aotus
monkeys decreased with ascending parasitemia. In contrast, these parameters in Saimiri
were characterized by a significant compensatory increase correlating with parasitemia.
In general, thrombocytopenia was one of the earliest clinical manifestations of the
infection with the platelets returning to normal levels shortly after peak parasitemia
at 14 days. Platelet kinetics had a strong correlation with hematologic and parasitologic
values in the Aotus model. No consistent associations were observed between platelet
kinetics and other parameters in the Saimiri model, These data indicate that the Aotus
model for malaria is more predictable than the Saimiri. Further, platelet turnover
rates and recovery provide a useful prognostic parameter during malaria infection. The
results are discussed in relation to the value of the two species of monkeys as models

for the pathogenesis of human malaria.
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of this clinical manifestation is poorly understood

INTRODUCTION and often -partly attributed to autoimmunity
. (Skudowitz er al., 1973; Sorensen et al.,
In human malaria, thrombocytopenia is fre- 1984), associated with reduced platelet half

quently observed (Beale et al., 1972; Hortsman et life, leading to changes in the platelet surface
al., 1981; Kelton et al., 1983). The mechanism structures or disseminated intravascular coagula-
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tion (DIC) (Vreeken and Cremer-Goote, 1978; Sri-
chaikul et al., 1975; Essien and Ebhota, 1981).

It has also been suggested that occasional direct
infection of platelets by malaria parasites may
play a role in this process(Fajardo, 1973, 1974 &
1979; Arundhati et al., 1984). These observa-
tions have been primarily in human clinical
malaria, and some of the mechanisms such as
the role of DIC remain controversial(Vreeken et
al., 1978).
malaria induces numerous hematologic and hema-

In addition to thrombocytopenia,

topoietic alterations (Collins and Campbell, 1983;
James et al., 1985; Warrell, 1987). In previous
studies thrombocytopenia has been reported in
Saimiri monkeys(James et al., 1085).

The present experimental study was undere
taken to compare changes in platelet levels in
Saimiri and Aotus monkeys experimentally
infected with the monkey-adapted P. falciparum
strain, the most important causative agent of
severe human malaria. The thrombokinetics were
related to hematologic and parasitologic para-
meters.

MATERIALS AND METHODS

Experimental animals: Healthy adult male
Aotus and Saimiri monkeys obtained from the
USAID-Battelle non-human primate colony
(Richland, Washington) were used. The criteria
for inclusion into the study were negativity in
the parasitological and serological test for malaria
and freedom from major gastrointestinal para-
sites. The experimental animals were housed in
environmentally controlled rooms with a tempe-
rature of 21 to 29°C and 70% humidity; fed on
monkey Chow (Ralston Purina Co., St. Louis,
MO), supplemented with fresh fruits, essential
minerals, and vitamins; and allowed ad libitum
access to drinking water.

Experimental infection: Each animal was
inoculated IV with freshly infected monkey blood
containing 107 virulent monkey-adapted CDC-1
Indochina-1 organisms. Prior to infection, the
experimental animals were sampled and analyzed

for -hematological and biochemical profiles as .

previously reported (Kakoma et al., 1985), and
briefly described below.

All experimental animals were handled hum-
anely according to USAID/NIH/USDA guide-
lines. Any animal .with persistent anorexia,
parasitemia equal to or greater than 10%, or a
hematocrit dropping below 502 of the pre-inf-
ection (baseline) value was withdrawn from the
experiment and treated chemotherapeutically,
including blood transfusions when indicated.

Collection of hematological and patho-
logy samples: Blood samples of 200 pl were

" collected by femoral venipuncture on a weekly

basis. The following parameters were analyzed:
neutrophils(Neut %), monocytes(Mono %),
lymphocytes(Lymph %), platelet(PTLT x10%/
mm?3), erythrocytes(tRBC x10°/mm?), hemoglobin
(HB g/d),
pm®), and mean hemoglobin concentration
(MHC). Basic blood biochemical profiles were
also monitored. Fibrinogen degeneration products
(FDP’s) were determined using the Dade method
(Dade, American Hospital Supply, del Caribe,
Aguada, Puerto Rico, USA). General observa-
tions on appetite, overall health, demeanor, etc.
were noted daily and body weights were recorded

mean corpuscular volume(MCV

every two weeks.

Experimental design and statistical
analysis: Experimental animals were sampled,
tested, and analyzed by descriptive statistics,
frequency distribution, and one-way variance
were performed on an IBM personal computer
using Abstat (Anderson and Bell, Cannon City)
as previously described (Kakoma et al., 1985 &
1987). The level of significance was established

at 0.05% level.

RESULTS

Table 1 summarizes data on descriptive stati-
stics of the two models. Qur data show that
there are some innate differences in baseline
values between the two animal models used.
As observed, statistically significant differences
were encountered in the following parameters:
Aotus had higher levels of platelets(Fig. 1),
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Table 1. Descriptive statistics of hematologic values (Meanz:5.D.) obtained in the two animal models,

including standard deviation (4)_from the mean

Days After Infection

Variables Saimirit Aotus®
0 7 14 0 7 14

PLAT 498, 8(+82.8) 354.4(£85.6) 150.8(F134.9)* 586,5(=79.3) 274.0(£63.1)  25.3(X0. 1
WBC g.2( 2.9 8.3(= 1.6) 9,6(+ 3.6) 8.8(x 1.0) 5.5(x .8) 8.0(£1.4)
RBC 7.3(& . 4) 7.5(+ .3 4.8( 1.2) 6.5( .2 6.3( .2) 4,2(+0.3)
HGB 14.4(= .7 14.8(+ .5) 9,5(x 2.2) 16.7(£ .6) 16.1(*£ .8 10.2(+.09)
HCT 44 6(+ 2.8) 45 7(% 1.9) 29.9(+= 6.8) 51.3(+ 1.8) 49.5(% 2.5) 31.8(2.6)
MCV 60.7(+ 1.6) 60.4(+ 1.7 62.3(+ 3.1) 78.3(+ 2.1) 78,2(% 2.6) 75.4(F2.5)
MCH 19.7(+ .58)  19.5(x .5) 19.8(x 0.6) 25,5(+ .8) 25.5(2 .8) 24.2(+0.8)
NEUT 38.8(+14.8) 55.7(x+13.3) . 27.8(% 19.0) 28.8(+ 7.7 40.0(+ 7.7 15.5(%3.8)
LYMP 47.2(+ 9.0)  21.5(£12.2) 61.2(x 11.4) 61.1(*+ 6.9) 46.0(% 7.1) 73.8(£7.0)
PARA Negative 5(£ .5) 6.0(+ 5.8 Negative L6(= . 2) 2. 1(£1.1)
1:n=21, 2:n=12

HGB(Fig. 2), MCV(Fig. 3), and LYMPH

(Fig, 4). In contrast, Saimiri monkeys have

significantly higher baseline values of RBC than

Aotus monkeys(Fig. 5). Seven days post-

infection, there was a significant difference

between the species in WBC, RBC, HGB, HCT,

MCV, MCH, neutrophils, and LYMPH. The

Aotus model showed higher levels in MCV, 2

T

LYMPH, and HGB. Fourteen days after infec-
tion, there was a significant difference in only
platelets, MCV, and MCH. The Saimiri model
had higher levels of RBC only. In the correlation
analysis, it was demonstrated in the Aotus model
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Fig. 1. Relative kineties of platelets in Aofus and
Saimiri monkeys between Day 0 and 14
post-inoculation.
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Fig. 2. Hemoglobin levels in Aotus and Saimiri
during the course of P. falciparum infection.

that platelet levels had a reverse relationship
with MCV prior to infection. At seven days
post-infection, there was a strong correlation
between platelets, lymphocytes, and parasitemia.
Fourteen days after infection, there was a neg-
ative correlation with neutrophils and lympho-
cytes. In the Saimiri model, platelets did not
show a consistently significant correlation at any
point post-infection. Fibrinogen degeneration
products were significanted in Aofus monkeys
versus Saimiri and coincided with. high parasit-
emia(Fig. 6), anemia, and thrombocytopenia.
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Fig. 3. MCV trends in infected Saimiri and Aotus
monkeys during the course of experimental
infection,
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Fig. 4. Levels of lymphocyte counts in Seimiri
and Aotus monkeys during the course of
experimental malaria infection.
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Fig. 5. Red blood cell count profile of Szimiri and
Aotus monkeys between Day 0 and day 14
post-inoculation,

Fig. 6. Profiles of parasitemia in Aotus and Saimiri
monkeys,

Table 2. Correlation between platelet levels, FDP’s,
and other hematological parameters in
the two experimental models, The 1-tail
test was used.

Saimiri* Aotus®
Time-Days

Variable 0 7% 14b 0 7 144

PLAT 1.0 1.0 1.0 1.0 .o 10

WBC -—.54 —. 31 .29 —. 24 .40 L4

-RBC 01 —. 34 b7 .64 .30 .70

HGB 14 —17 .61 05 —.17 .62

HCT —.01 —.33 .64 .24 —.10 .bb

MCV .01 .07 .01 —.67F —.21 —.27

MCH .50 .30 .04 ~,76% —. 33 —.03
NEUT .53 —.28 —.28 .02 .37 .01%*
LYMPH .17 —.19 .41 1.7 —,84% — 93%

PARA —. 48 —.37 —, 86% —. 39

*—Indicates strong correlation
1=Critical value (1-tail, 0.05)=+ or
2=Critical value (1-tail, 0.05)=- or
n=6 for Aotus and 12 for Saimiri
a=45% of the animals were FDP positive
b=86% of the animals were FDP positive
c¢=79% of the animals were FDP positive
d=96.7% of the animals were FDP positive
FDP positivity was significantly (p<(0.05) greater
in Aetus than in Squirrel monkeys.

—. 67
-~.73

DISCUSSION

Complicated falciparum malaria is a multi-
systemic disease with major hematologic distur-
bances (James ef al., 1985; Warrell, 1987). Many
of the clinical characteristics of human malaria



can be replicated in the non-human primate
models especially the Aotus monkeys(Collins et
al., 1983 & 1985). However, Saimiri monkeys
have been used by many investigators(Dubois
et al., 1984; Hau et al., 1984: Perrin et al.,
1984) as an alternate model. Our data strongly
suggest that Aotus monkeys are more consistent
than Saimiri for thrombokinetic and other
bematologic studies, in that platelet numbers
correlate well with many other parameters such
as: parasitemia, MCV, MCH, LYMPH, and
NEUT. In the case of the Saimiri model, many
of the parameters were found to be erratic
including unpredictable parasitemia trends(Fig,
6). The latter observations are consistent with
our previous data(James et al., 1985) and those
of others(Dubois ef al., 1984; Collins et al.,
1988). In general, most parameters in the Aotus
change drammatically during the severe phase of
the disease in a predictable pattern, unlike the
erratic fashion seen in Saimiri species.

We have demonstrated that the platelet profile
during severe P. falciparum infection in the
Aotus monkey is remarkably similar to the
patterns observed in the human disease (Beale
et al,, 1972; Hortsmann et al., 198]; Kelton
et al., 1983), including evidence of fibrinogen
degeneration products(Srichaikul e al., 1975).
The Aotus monkey appears to be a reliable
model for the study of the various mechanisms
of the pathogenesis of falciparum malaria in
man. The data also indicate that platelet kin-
etics may be a useful prognostic indicator for the
clinical course of malaria. In our experiments,
the increase in parasitemia almost coincided
with drop in platelet count and levels of he-
moglobin. In human P. falciparum malaria,
these parameters are very reliable indicators of
disease severity and prognosis(Beale et al.,
1972). Accordingly, the Aotus monkey is a
better model than Seimiri in that it more closely
mimics the malaria syndrome in man.
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