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Abstract
Bone marrow responses have been identified as key determinants of trypanotolerance in cattle as they determine the ability for
hemopoietic cell regeneration and control of anemia. However, not much is known about such responses in Nigerian breed of
goats known to show different susceptibilities to trypanosome infections. Early bonemarrow events associated with pathogenesis
of Sokoto Red goats to Trypanosoma vivaxwere investigated in six goats to assess their role in susceptibility of this goat breed to
trypanosomiasis. A total of six Sokoto Red goats of mixed sexes were used. While four of the goats randomly selected were
infected with Trypanosoma vivax, the remaining two served as control. The parameters examined included packed cell volume
(PCV) and differential bone marrow cytology. Cytological changes in the bone marrow of goats with acute trypanosomosis were
compared to the controls. T. vivax caused an acute disease course in the goats resulting to mild drop in PCVand death 2–3 weeks
post infection (PI). Associated bone marrow (BM) cytological changes were characterized by moderate erythroid hyperplasia
with a resultant lower myeloid:erythroid (M:E) ratio, while the granulocytic maturation rate was 3.15 ± 0.6 and 2.42 ± 0.0 for
infected and control animals, respectively. However, significant macrophage (MC) numbers (hyperplasia) were detected in the
BM of the infected group. Most of the MCs phagocytized mature red blood cells (RBC) and band or mature white blood cells
(WBC) only while noMC phagocytized immature cells. TheMCs in BM of control goats phagocytized no blood cells. The study
confirmed that mature blood cells form the first cell types to be phagocytized by MCs of BM in the pathogenesis of anemia in
T. vivax-infected Sokoto Red goats while early onset of MC hyperplasia and erythrophagocytosis are indicators of susceptibility
to trypanosomosis in this breed of goats and perhaps other susceptible ruminants.
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Introduction

Goat keeping has been identified as one of the most profitable
enterprises in Nigeria and contributing significantly to agri-
cultural gross domestic product (GDP), providing income,
employment, food, and manure (Nuru 1984., Otuma 2005.,
Ikegwuonu 2013). However, animal African trypanosomosis
has been known for many years as a major constraint to

livestock value chains and food security in several parts of
sub-Saharan Africa including Nigeria (Onyiah 1997;
Swallow 2000; Adamu et al. 2011; Abenga 2015) and pres-
ently constitutes an emerging threat to ruminants in parts of
Asia and Southern America (Jones and Davila 2001; Cadioli
et al. 2012). However, factors responsible for the pathogenesis
of the disease are not yet fully known. The Sokoto Red breed
of goats, though one of the most prolific in production, shows
high susceptibility to African trypanosomosis and is believed
to be one of the factors that limit its distribution to the
Northern Savannah. Anemia is a dominant pathological fea-
ture and important cause of death in trypanosome-infected
animals while the severity of hematological changes is depen-
dent on species of infecting trypanosome and host factors
which determine the extent of bone marrow responses
(Anosa 1988a, b). Logan-Henfrey et al. (1999) identified bone
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marrow responses as a key determinant factor of
trypanotolerance in cattle as it determines the ability for he-
mopoietic cell regeneration and control of anemia. This was
supported by light and electronmicroscopic studies of sequen-
tial biopsies of bone marrow which showed key differences
between Trypanosome congolense-infected trypanotolerant
N’dama and trypanosusceptible Boran cattle. However, not
much is known on the role of such responses in different
breeds of goats. Trypanosoma vivax is a dominant and highly
pathogenic trypanosome affecting goats and other ruminants
in Nigeria (Omotainse et al. 2000; Anyaegbunam and Okafor
2013; Gimba 2015) and other parts of sub-Saharan Africa
(Anosa 1999) while the non-tsetse-transmitted T. vivax consti-
tutes an important economic risk to ruminants beyond tsetse
belts of Africa such as South and Central America and Asia
(Silva et al. 1999; Jones and Davila 2001). In this study, an
attempt was made to assess the nature of bone marrow re-
sponses in experimental acute trypanosomosis of Nigerian
Sokoto Red breed of goats infected with T. vivax. This was
with the view to identifying the roles of bone marrow in the
susceptibility or otherwise of this breed of goats to
trypanosomosis which could be harnessed in the research to-
wards control of this disease.

Materials and methods

Research animals

Six adult Sokoto Red breed of goats of mixed sexes weighing
12.3 to 20.7 kg body weight were used for the study. All the
animals were purchased from localmarkets aroundKaduname-
tropolis, North Central Nigeria, and screened for hemoparasites
before use. All the animals were parasitologically negative for
trypanosomes by either hematocrit centrifugation technique or
by buffy coat method. After the acclimatization period which
lasted for 3 weeks, four of the goats made up of two males and
two females were randomly selected to serve as the infected
group while the remaining two made up of one male and one
female served as the uninfected control group.

Trypanosome species

Trypanosoma vivax isolated from cattle in Federe area in
Kaduna State, North Central Nigeria, was used for the study.
The parasites were cryopreserved in liquid nitrogen in our
laboratory in Vom, Plateau state, Nigeria, and sub-passaged
later into a donor female Sokoto Red breed of goat fromwhere
they were harvested from the jugular blood for inoculation.
An estimated 2 × 106 parasites were inoculated into the goats
intra-peritoneally (Lumsden et al. 1973).

Sample collection and examination methods

Whereas daily parasitemia was determined from blood obtain-
ed from the ear vein of the infected goats for the determination
of onset of parasitemia, blood samples obtained by weekly
venipuncture of the jugular vein of all the goats into ethylene
diamine tetracetic acid (EDTA) bottles were used for determi-
nation of the packed cell volume (PCV) of the animals (Kelly
1979). Bone marrow smears were however obtained from the
sternum of terminally recumbent infected and control goats.
The bone marrow thin smears were air-dried, fixed in absolute
alcohol for 20 min (Dacie and Lewis 1984), and stained with
Wright’s stain. Differential marrow cell counts based on 500
nucleated cells were made by light microscopy as described
by Anosa et al. (1992).

The studies were done in accordancewith the ethical guide-
lines of the Nigerian Institute for Trypanosomiasis Research,
Kaduna,Nigeria,which toagreater extent is in conformitywith
the guiding principles for biomedical research involving ani-
mals as issued by the Council of International Organizations of
MedicalSciences (CIOMS).Theanimalswere thereforekept in
good, clean, and hygienic housing and given clean water and
humane handling during sample collection in the course of the
experiment as specified in the guidelines.

Statistical analysis

Thedatacollectedwasstatisticallyanalyzed to test the significant
differences in thegroupsusing, t test,MicrosoftExcel2010. Inall
cases, values of P < 0.05 were considered significant.

Results

The mean PCV of the infected goats dropped only slightly
(P > 0.05, Fig. 1) at 2 to 3 weeks post infection (PI) when the
goatsdiedof fulminatingparasitemia.Themean terminalPCVof
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Fig. 1 Packed cell volume of T. vivax-infected and control Sokoto Red
goats
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the infected goats at terminal recumbency was 26.01 ± 1.4%
while that of control goats at 3 weeks was 31.01 ± 2.83%.
Accompanyingbonemarrowcytological changes in the infected
group were characterized by marginal erythroid hyperplasia
(Fig. 2) above that of the control group (Table 1). The mean
myeloid:erythroid (M:E) ratio was 0.66 ± 0.31:1 for infected
goats and 0.89 ± 0.01:1 for control goats. The granulocytic pre-
cursors were generally depressed below those of control goats.
Those affected included myeloblasts, premyelocytes, myelo-
cytes, metamyelocytes, and segmenters which constitute the
marrow granulocytic storage pool or reserve. As a result, the
granulocytic maturation rate (ratio of non-mitotic to mitotic
granulocytes) of infected goats was 3.15 ± 0.6while that of con-
trol goats was 2.42 ± 0.0. Bone marrow macrophage numbers
were significantly higher (P < 0.05) in the infected goats than in
control goats. Macrophages constituted 7.0 ± 2.4% of the total
numbers of marrow cells enumerated in the infected goats as
against 2.5 ± 0.1% in the control goats. Phagocytic activities of
the macrophages as demonstrated by light microscopy are sum-
marized on Table 2. 29.02 ± 3.5%of themacrophages phagocy-
tized mature red blood cells (RBC), 2.44 ± 2.07% phagocytized
mature or bandwhite blood cells (WBC) (Figs. 3), 1.52 ± 1.30%
phagocytized both mature RBCs andWBCswhile none phago-
cytized mitotic immature blood cells. The macrophages in the
bone marrow of control goats phagocytized no blood cells.
Mitotic figures accounted for 0.9 ± 0.5% of marrow cells in in-
fected goats as against 0.4 ± 0.0% in control goats.

Discussion

The mild nature of anemia in the T. vivax-infected goats charac-
terized by slight drop in PCVand early death of the goats 2 to
3 weeks PI suggest that although the Sokoto Red breed of goats
are highly susceptible to T. vivax, death may result from immu-
nologic and other pathogenic factors besides anemia. The

corresponding cytological changes in the bone marrow of
T.vivax-infectedgoats thoughmoderatewereobservableby light
microscopy.These changeswere similar to those observed in the

a bFig. 2 Bone marrow smear of a
control Sokoto Red goats
showing normal distribution of
cells with fewer number of
normoblasts (arrowed) and
numerous mature granulocytes
and myelocytes and that of b the
T. vivax-infected group with
marginal increase in normoblast
numbers (arrowed) and fewer but
immature granulocytes

Table 1 Mean differential counts (%) of femoral bone marrow cells of
T. vivax-infected and control goats

Cell type Infected group
(No. = 4)

Control group
(No. = 2)

Erythrocytic cells
Erythroblasts 0.8 ± 0.4 0.7 ± 0.2
Pronormoblasts 3.2 ± 1.2 2.4 ± 2.0
Normoblasts
Basophilic normoblasts 33.8 ± 12.5 38.5 ± 0.7
Polychromatophilic normoblasts 8.1 ± 4.0 3.0 ± 0.7
Late normoblasts 3.1 ± 2.6 1.4 ± 0.6

Myeloid cells
Myeloblasts 0.5 ± 0.1 0.7 ± 0.1
Premyelocytes 3.4 ± 1.9 4.1 ± 2.4
Neutrophil
Myelocytes 2.5 ± 1.2 3.9 ± 3.3
Metamyelocytes 9.1 ± 3.7 11.6 ± 6.5
Bands 4.4 ± 2.4 2.4 ± 0.4
Segmenters 7.9 ± 3.2 11.8 ± 13.0
Eosinophil
Myelocytes 0.7 ± 0.3 2.9 ± 2.1
Metamyelocytes 0.4 ± 0.4 1.7 ± 1.0
Bands 0.3 ± 0.2 0.1 ± 0.1
Segmenters 0.3 ± 0.2 0.5 ± 0.7
Basophil 0.0 ± 0.0 0.0 ± 0.0
Myeloid:erythroid ratio 0.66 ± 0.31:1 0.88 ± 0.01:1
Granulocyte maturation rate 3.15 ± 0.6 2.42 ± 0.0

Other cells
Lymphocytes 10.7 ± 2.0 8.7 ± 3.0
Plasma cells 0.2 ± 0.2 0.1 ± 0.0
Monoblasts/promonocytes, monocytes 1.1 ± 0.4 1.0 ± 0.6
Macrophages 7.0 ± 2.4* 2.5 ± 0.1
Damaged cells 0.9 ± 0.3* 1.1 ± 0.7
Unclassified 0.8 ± 0.5 0.6 ± 0.8
Mitotic cells 0.9 ± 0.5* 0.4 ± 0.0

*P < 0.05
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first phase of T. congolense-infected Boran cattle reported by
Anosa et al. (1997a, b) and were characterized by little changes
in the erythroid and granulocytic cells. In many cases, erythroid
hyperplasia and myeloid hypoplasia are consistent features of
bone marrow cytological change in African trypanosomosis,
thereby leading to adrop in themyeloid:erythroid ratio andgross
expansionof the redmarrowin longbonesduring theacutephase
of trypanosome-induced anemia (Anosa 1988a). These were
demonstrated in T. vivax-infected calves (Anosa et al. 1992),
T. congolense-infected Boran cattle (Anosa et al. 1997a), and
T. gambiense-infected vervet monkeys(Abenga 1997) as well
as in trypanotolerant N’dama cattle infected with T. vivax and
T. congolense (Anosa 1999).

Although there were only slight differences in the erythroid
and granulocytic cell numbers in the infected and control goats,
therewas amarked increase in the number ofmacrophages in the
bonemarrowof the infectedanimals suggesting theyplayed roles
in the early susceptibility of this breed of goats toT. vivax (Anosa
et al.,1997b). Anosa et al. (1997b) had observed similar macro-
phage proliferation and activation as early as 15 days post infec-
tionbefore thedevelopmentofpatentparasitemiabetween21and
24dayspost infection inT.congolense-infectedBorancattle.This
early activation and proliferation of macrophages are believed to
arise from indirectmechanisms such as dispersal of trypanosome
antigens in the bone marrow and local production through the
circulation of cytokines generated by host cells such as T-
lymphocytes that are primed by trypanosome or trypanosome
products (Anosa et al. 1997b).Themacrophages in thebonemar-
rowof infectedgoats phagocytizedmainlymatureRBCsand few
numbers of neutrophils and eosinophils. This suggests that the
phagocytosis of blood cells follows a pattern, and mature cells
form the first cell types to be phagocytized while phagocytosis

of immature (nucleated RBCs and youngWBCs) follows in the
chronic phase of trypanosomosis. Cytophagia byMC in the BM
of trypanosome-infected animals was first described by Anosa
et al. (1992) inT. vivax-infected cattle and has not been described
in Sokoto Red goat and may play major roles in precipitating
pancytopenia and ineffective hemopoiesis in trypanosome infec-
tion.MCphagocyticactivities in theBMoftrypanosome-infected
animals were earlier observed in T. congolense-infected Boran
(Anosa et al. 1997b) and N’dama cattle and in vervet monkeys
infected with T. gambiense (Abenga 1997). Macrophage hyper-
plasia in theBMof trypanosome-infected rats also showed corre-
lation with severity of anemia (Abenga et al. 2017) while MCs
were reported to play a central role in trypanosomiasis-associated
anemia (Stijlemans et al. 2010).

The detailed structural changes and process of phagocyto-
sis by MC in the BM of trypanosome-infected animals have
been demonstrated by transmission election microscopy
(TEM) (Anosa et al. 1992, 1997b) involving four stages lead-
ing to the phagocytosis of cells in the hematopoietic compart-
ment (HC). These include, firstly, target cell to MC attraction
which was represented in the nucleated cells by the develop-
ment of many microvilli extending towards the MCs at the
zone of contract. Secondly and apparently occurring concom-
itantly with the first process was the development of
enveloping pseudopodia by the MCs partially surrounding
the cells being phagocytized at the zone of contact. Thirdly,
there was subsequent adhesion of the cell to the MC with the
disappearance of the microvilli previously developed by target
cells, and lastly, the complete enveloping of the target cells by
pseudopodia of the MCs results to endocytosis of the target
cells. Phagocytosis of normoblasts, reticulocytes, and erythro-
cytes in the bone marrow had been identified as a major cause

Table 2 Mean percentage (%) numbers of macrophages with phagocytized blood cells

MCs with
mature RBC

MCs with
mature WBC

MCs with both
RBC/WBC

MCs with
immature RBC

MCs with
immature WBC

Infected group (4 animals) 29.02 ± 3.5* 2.44 ± 2.1* 1.5 ± 1.3* 0.00 ± 0.00 0.00 ± 0.00

Control group (2 animals) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

MC macrophage, RBC red blood cells, WBC white blood cells

*P < 0.05

M1

n

Fig. 3 Macrophages M1 and M2
in the bone marrow of T. vivax-
infected Sokoto Red goats with
phagocytized band neutrophil (n)
and matured erythrocytes
(arrowed), respectively
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of dyserythropoiesis and ineffective reticulocyte response to
anemia in Africa trypanosomosis (Anosa et al. 1992) besides
suboptimal production of erythropoietin. Similarly, phagocy-
tosis of neutrophils and eosinophils and their non-mitotic pre-
cursors is known to result in decrease in the marrow granulo-
cyte reserve and contribute to dysgranulopoiesis. Significant
increase in the number of mitotic cells in the marrow of
T. vivax-infected goats however suggested that there was still
optimal production of chemical mediators of hematopoiesis
especially erythropoietin and eventual early response to the
anemia in the infected goats which were probably still optimal
in preventing anemia, arising from infecting trypanosomal
activities as recently observed in Wister rats infected with
T. brucei brucei (Yusuf et al. 2013). Hyperplasia of macro-
phages in other organs such as the spleen, liver, testes, lymph
nodes, hemolymph nodes, and heart of trypanosome-infected
animals (Anosa et al. 1997b) had also been reported.

Results of this investigation demonstrated that early mac-
rophage hyperplasia coupled with early onset in phagocytic
activities demonstrated in the Sokoto Red goats may be indi-
cation that they play roles in the susceptibility of this breed of
goats to Trypanosome vivax. The observation of bone marrow
cytological changes in the T. vivax-infected goats also raise the
question of what mechanisms regulate the selective or prefer-
ential phagocytosis of mature blood cells and not immature
cells bymacrophages in acute trypanosomosis. Further studies
in this area may provide clues to drug development and sup-
portive treatments towards control of anemia in animal
trypanosomosis.
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