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ABSTRACT

Anemia is a recognized feature of both animal and human trypanosomiasis.
The mechanism of trypanosomal anemia is however unknown. Understanding the
mechanism of anemia is important for the effective management of
trypanosomiasis patients, especially in animals where anemia could be extremely
severe. Anemia was monitored in five goats experimentally infected with
Trypanosoma vivax by measuring the packed cell volume (PCV) and the
hemoglobin level (Hb) up to 26 days post infection. Parasitemia and serum free
fatty acid (FFA) levels were also estimated. Massive parasitemia was observed on
days 5 and 12 post infection. There was 45-59% decrease in the PCV and 33-63%
decrease in the Hb level. The serum FFA level progressively increased through
out the course of infection. Anemia in the early stages of the infection is initiated
and maintained by living trypanosomes, the severity of the anemia depending on
the level of parasitemia. Persistent anemia as the disease process progresses is
caused by factor(s) other than living trypanosomes. It is suggested that erythrocyte
haemolysis and erythrophagocytosis are the underlying causes of trypanosomal
anemia.

INTRODUCTION

African trypanosomiases are a spectrum of diseases in man and domestic
animals caused by the tsetse transmitted protozoan parasite, trypanosome. Human
African trypanosomiasis (sleeping sickness) is caused by Trypanosoma brucei
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gambiense and T. b. rhodesiense. Animal trypanosomiasis (nagana in cattle) on the
other hand is caused by three species of trypanosomes, namely 7. b. brucei, T.
congolense and T. vivax. Of these three trypanosome species, 7. vivax is the most
important trypanosome of veterinary importance in West Africa. Animal
trypanosomiasis still constitutes a major constraint in the growth and development
of the livestock industry in many countries of sub-Saharan Africa, thereby
limiting total food production. Animal trypanosomiasis and East Coast fever are
believed to account for the death of 3 million cattle a year and one or both of
these diseases occur(s) across more than one third of the African continent
(ILRAD 1987). The estimated annual loss in livestock due to African
trypanosomiasis is put at US$ 5,000 million (WHO 1997).

Anemia has since been recognized as a major pathological feature of clinical
trypanosomiasis in both man and animals (Fiennes 1954; 1970) and has been used
as an indicator of trypanotolerance in animals infected with trypanosomes
(Akinbamijo et al. 1998; d'Iteren et al. 1998). However, to date, the mechanism of
the anemia is unknown. Rather, hypotheses which have failed to find common
ground of acceptable specificity have been put forward. These include: hypoplasia
of the bone marrow, hydraemia, immunological reactions, erythrophagocytosis,
hemorrhage syndrome and severe haemolysis (reviewed by Murray and Dexter
1988). A more recent addition to this list of hypotheses is the report of Igbokwe et
al. (1994) that peroxidative injury to erythrocytes may play a role in the
pathogenesis of anemia in trypanosomiasis. A good understanding of the
pathogenesis of the anemia is important for a better management of the patients,
especially in animal trypanosomiasis where the anemia could be very severe. This
study is part of our contribution to the efforts towards the elucidation of the
mechanism of anemia in trypanosomiasis.

MATERIALS AND METHODS
Trypanosomes:

Trypanosoma vivax stabilate, stock Kabam/84/NITR/7.4 was obtained from
the Nigerian Institute for Trypanosomiasis Research, Vom, Nigeria. This was
inoculated in sheep's blood and kept in liquid nitrogen at -196°C before being used
in goats.

Goats:

Goats were purchased from local markets in Zaria, Northern Nigeria and
kept in fly-proof pens in the faculty of veterinary medicine, Ahmadu Bello
University, Zaria. Appropriate steps were taken to ensure that all the goats were
in good health and apparently free from trypanosomiasis and any other form of
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parasitic infection before the experimental infection.

Chemicals:
Unless otherwise stated, all chemicals used were obtained from Sigma,
England, and were all of analvtical grade.

Experimental infection:

Ten goats were divided into 2 groups of 5 each. One group of 5 were each
infected with 107 7. vivax cells while the second group of 5 were uninfected and
served as control.

Parasitemia and packed cell volume (PCV):
Parasitemia and PCV were determined using the haematocrit centrifuge
technique (Woo 1970).

Hemoglobin content:

The hemoglobin content was estimated by simply taking a little quantity of
blood sample and then reading off the hemoglobin level in a Counter
haemoglobinometer.

Estimation of serum free fatty acid (FFA) level:

FFA levels were estimated as described by Falholt et al. (1973). All the
parameters were measured essentially twice a week, beginning from day 0 to day
26 post infection.

RESULTS
Parasitemia:

There were cyclical fluctuations in the number of parasites in circulation
which resulted in 3 successive waves of parasitemia with peaks on days 5, 12 and
22 post infection (Fig. 1). Between days 5 and 8, the number of parasites in
circulation decreased sharply, reaching a very low level (less than half the peak
value) by day 8. The second phase of declining parasitemia which was more
drastic than the first occurred between days 12 and 19 post infection. By day 19,
the level of parasitemia was the same as that on day 2 (6 times less than the peak
value on day 12). The peak values on days 5 and 12 were the same (about 4
trypanosomes per microscope field), while the value for day 22 was about |
trypanosome per field. The values given are an average of the values for the five
goals.
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Figure 1. Development of parasitemia through
the course of infection. An illustration of the
cyclical fluctuations in parasitemia during the
34 course of the experimental infection which lasted
for 26 days. Each point on the vertical axis is the
mean of the values of the five infected goats. The
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Packed cell volume (PCV):

With the exception of goat number 3808 which showed no apparent
decrease in PCV by day 2 post infection, the PCV of all the infected goats showed
significant decreases by day 2, with as much as 25% decrease in goat number 3845
(Fig. 2). The decrease at the end of the experiment ranged between 45-59%. In
general, there was a progressive decrease in PCV of all the infected goats until the
termination of the experiment.

30

Figure 2. The packed cell volume of the
TP infected goats during the period of infection.
This shows the declining PCV during the
26-day period of experimental infection.
Each point on the vertical axis is the mean of
the values of the five infected goats while
the SEM are represented by the vertical
bars.
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Hemoglobin (Hb) level:
Like the PCV, the Hb levels of all the infected goats decreased significantly
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during the course of infection with an average of 48% reduction except for goat
3844 which had its hemoglobin level reduced by as much as 63% before it finally
died (Fig. 3).

? Figure 3. The hemoglobin levels of the

infected goats during the period of infection,
This illustrates the decrease in Hb levels with
progression through the disease process. Each
point on the vertical axis is the mean of the
values of the five infected goats while the

. vertical bars represent SEM.
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Serum free fatty acid (FFA) level:

There was a progressive increase in the serum FFA level of all the infected
goats (Fig. 4). The values of all the parameters measured in all the control animals
did not show any appreciable change but remained essentially constant with
occasional drop or rise by | unit (data not included).

&5 T Figure 4. Serum free fatty acid (FFA) levels
T of the infected goats. Serum FFA levels of the
= infected goats measured over the 26-day
7] ~ A period of infection. Each point on the vertical
= axis is the mean of the values of the five
15 expernimentally infected goats. Vertical bars
_ represent SEM.
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DISCUSSION

Anemia in trypanosomiasis proceeds in two distinct but overlapping phases,
each phase being mediated by different mechanisms (Murray and Dexter 1988).
The first phase is believed to be mediated by factors released by degenerating
trypanosomes (Tizzard et al. 1978b; ILRAD 1987) and red cell damage by living
trypanosomes (Banks 1979; Esievo 1983). Our observations in this study are in
support of living trypanosomes playing a key role in the initiation and
maintenance of the progressive development of anemia in trypanosomiasis. The
onset of anemia and the severity in the first phase strongly correlate with the
appearance, intensity, and duration of parasitemia. The observed considerable
decline in the PCV and the Hb content between days 0 and 5 post infection and the
relatively stable values between days 5 and 8 (Figs. 2 and 3) which coincided with
increasing and decreasing parasitemia respectively (Fig. 1) could not have been a
mere coincidence. The PCV and Hb content again decreased sharply between days
8 and 12 which was another period of increasing parasitemia. These findings
suggest that living trypanosomes are essential for the progressive development of
trypanosomal anemia in infected animals. lkede et al. (1977) reported the absence
of haemolysin in the plasma of 7. congolense infected mice at least up to 15 days
post infection but observed marked reduction in erythrocyte half-life and marked
drop in PCV within the same period. In cattle infected with T. congolense
increased red cell breakdown is believed to commence with the development of
parasitemia (Holmes 1976; Preston et al. 1979). Therefore contrary to the widely
held view that anemia in trypanosomiasis is induced by factors released by dying
trypanosomes, we believe that the onset of anemia and its progression, at least in
the early stages of infection, depends largely on the presence of living
trypanosomes in circulation.

The persistent anemia even when parasites are barely detectable is the phase
11 of the anemia. We believe that this stage is mediated by factors other than those
produced by living trypanosomes. FFAs and lysophospholipids are believed to be
hemolytic factors released by dying trypanosomes and are responsible for
trypanosomal anemia (Tizzard et al. 1978a; Nok et al. 1993). We observed steady
and sharp increases in the FFA levels of all the infected goats through out the
period of infection (Fig. 4) and this could have played a key role in the
pathogenesis of the persistent anemia. Although serum albumin is known to bind
to FFAs to neutralize their hemolytic effects (Starinsky and Shafrir 1970; Tizzard
et al. 1978b), it is possible that the massive parasitemia that characterized the first
two successive waves of parasitemia produced sufficient FFAs to saturate available
serum albumin and some left unbound to exert their hemolytic effect on
erythrocytes.
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Blucidation of the mechanism of anemia in trypanosomiasis has remained an
unsolved problem. Jennings et al. (1974) suggested that anemia in trypanosomiasis
was mainly due to extravascular haemolysis and ruled out immune mechanisms
since the onset of anemia was evident within a few days of infection. Murray and
Dexter (1988) explained that immunological competence was not essential for the
development of anemia. Dargie et al. (1979a; 1979b) and Dargie (1980) ruled out
haemodilution as a contributory factor to the development of anemia.
Hemorrhagic syndrome which is characteristic of acute infections caused by
certain strains of 7. vivax infections was not evident in the present study. The
marked drop in PCV and the marked reduction in the Hb content observed in this
work are good indicators of haemolysis. We therefore believe that the first phase
of anemia is largely due to erythrocyte haemolysis. Erythrophagocytosis resulting
from induced alterations in erythrocyte surface structure (Durocher et al. 1975;
Esievo et al. 1982; Esievo 1983) is also a possibility as a cause of anemia in
trypanosomiasis. We therefore conclude that trypanosomal anemia is
multifactorially induced but the predominant factors depend on the stage of the
disease process.

ACKNOWLEDGEMENTS

This study was funded by a research grant from the Ahmadu Bello
University, Zaria, Nigeria, to Agwu I. Ukoha. The authors are grateful to: Mr.
Raphael and Mallam Balla, both of the Department of Veterinary Parasitology; Dr.
Jagun of the National Animal Production Research Institute, Zaria for their
technical assistance and Professor K. A. N. Esievo for allowing us to use his
haemoglobinometer.

REFERENCES

Akibamijo, O. O., Bennison, J. J., Jaitner, J. & Demopfle, L. [998.
Haemoatological changes in N'Dama and Gobra Zebu bulls during
Trypanosoma congolense infection maintained under a controlled feeding
regimen. Acta. Trop. 69: 181-192

Banks, K. L. 1979. In vitro binding of Trypanosoma congolense 10 erythrocyles.
J. Protozool. 26: 103-108.

Dargie, J. D., Murray, P. K., Murray, M., Grimshaw, W. R. I. & Mclntyre, W. 1.
M. 1979a. Bovine trypanosomiasis: the red cell kinetics of N'Dama and Zebu
cattle infected with Trypanosoma congolense. Parasitol. 78: 271-278.

Dargie, J. D., Murray, P. K., Murray, M. & Mclntyre, W. I. M. 1979b. The blood
volumes and erythrokinetics of N'Dama and Zebu cattle experimentally

o/



ANEMIA IN AFRICAN TRYPANOSOMIASIS

infected with Trypanosoma brucei. Res. Vet. Sci. 26: 245-247.

Dargie, J. D. 1980. Pathophysiology of trypanosomiasis in the bovine. In: Isotope
and radiation research on animal diseases and their vectors, Vienna: IAEA,
IAEA-SM-240/28 pp. 121-131.

d'Iteren, G. D., Authie, E., Wissocq, N. & Marray, M. 1998. Trypanotolerance,
an option for sustainable livestock production in areas at risk from
trypanosomiasis. Rev. Sci. Tech. 17: 154-175.

Durocher, J. R., Payne, R. C. & Conrad, M. E. 1975. Role of sialic acid in
erythrocyte survival. Blood 45: 11-20.

Esievo, K. A, N., Saror, D. 1., llemobade, A. A. & Hallaway, M. H. 1982.
Variation in erythrocyte surface and free serum sialic acid concentrations
during experimental Trypanosoma vivax infection in cattle. Res. Vet. Sci. 32:
1-5.

Esievo, K. A. N. 1983. Trypanosoma vivax stock V953: Inhibitory effect of type
A influenza virus anti HAV8 serum on in vitro neuraminidase (salidase)
activity. J. Parasitol. 69: 491-495.

Falholt, K., Lund. B. & Falholt, W. 1973. An easy colorimetric micromethod for
routine determination of free fatty acids in plasma. Clin. Chim. Acta 46: 105-
111.

Fiennes, R. N. T-W. 1954, Haematological studies in trypanosomiasis of cattle.
Vet. Rec. 66: 423-434.

Fiennes, R. N. T-W. 1970. Pathogenesis and pathology of animal trypanosomiasis.
pp. 729-750. In: The African trypanosomiasis (ed. H. W. Mulligan) George
Allen and Unwin/Ministry of Overseas Development, London.

Holmes, P. H. 1976. The use of radioisotopes tracer techniques in the study of the
pathogenesis of trypanosomiasis. pp. 463-474. [n: International Atomic
Energy Agency, Nuclear Techniques in Animal Production and Health. IAEA,
Vienna.

Ikede, B. O., Lule, M. & Terry, R. J. 1977. Anaemia in (rypanosomiasis:
mechanisms of erythrocyte destruction in mice infected with Trypanosoma
congolense or T. brucei. Acta Trop. 34: 53-60.

Igbokwe, 1. O., Esievo, K. A., Saror, D. 1. & Obagaiye, O. K. 1994. Increased
susceptibility of erythrocytes to in vitro peroxidation in acute Trypanosoma
brucei infection of mice. Vet. Parasitol. 55: 279-286.

ILRAD 1987. In: Reports of the International Laboratory for Research on Animal
Diseases. P.O.Box 30709, Nairobi, Kenya.

Jennings, F. W., Murray, P. K., Murray, M. & Urquhart, G. M. 1974. Anaemia in
trypanosomiasis: Studies in rats and mice infected with Trypanosoma brucei.
Res. Vet. Sci. 16: 70-76.



ANEMIA IN AFRICAN TRYPANOSOMIASIS

Murray, M. & Dexter, T. M. 1988. Anaemia in bovine African trypanosomiasis: A
review. Acta Trop. 45: 389-432.

Nok, A. 1., Esievo, K. A., Tbrahim, S., Ukoha, A. I. & Ikediobi, C. O. 1993.
Phospholipase A2 from Trypanosoma congolense: Characterisation and
haematological properties. Cell Biochem. Funct. 12: 125-130.

Preston, J. M., Kovatch, R. M. & Wellde, B. T. 1979. Trypanosoma congolense:
thrombocyte survival in infected steers. Exp. Parasitol. 54: 129-133.

Starinsky, R. & Shafrir, E. 1970. Displacement of albumin bound bilirubin by
free fatty acids. Implications for neonatal hypobilirubinaemia. Clin. Chim.
Acta 29: 311-318.

Tizzard, 1. R., Nielsen, K. H., Seed, J. R. & Hall, J. E. 1978a. Biologically active
products from African trypanosomes. Microbiol. Rev. 42: 661-681.

Tizzard, I. R., Holmes, W. L. & Nielsen, K. H. 1978b. Mechanisms of the anaemia
in trypanosomiasis: Studies on the role of haemolytic fatty acids derived from
Trypanosoma congolense. Tropenmed. Parasitol. 29: 108-114.

WHO 1997. Thirteenth Programme Report of the UNDP/World Bank/WHO
Special Programme for Research and Training in Tropical Diseases (TDR),
Geneva, Switzerland.

Woo, P. T. K. 1970. Evaluation of haematocrit centrifuge and other techniques for
field diagnosis of human trypanosomiasis. Acta Trop. 28: 298-303.

0.



